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DYNAMIC LOW-LEVEL ENHANCEMENT AND REDUCTION OF MOVING 
PICTURE DISTURBANCE FOR A DIGITAL DISPLAY 



FIELD OF THE INVENTION 

The present invention relates to video displays and, 
more particularly, to a method and system for improving 
the image quality of a display in which a pixel is 
illuminated by pulses generated in subfields of a frame 
of the image in accordance with a pulse distribution 
function. A maximum pixel value to be imaged during the 
frame is determined, and the pulse distribution is 
modified based on the maximum pixel value. The invention 
is particularly suited for use with plasma display 
panels, 

BACKGROUND OF THE INVENTION 

Digital displays such as alternating current (AC) 
Plasma Display Panels (PDPs) are evolving as an 
attractive choice to view television programming, 
especially with regard to the emerging digital 
television and high definition television (DTV/HDTV) 
formats. Conventional cathode ray tubes (CRTs) have an 
established high picture quality, and PDPs are striving 
to achieve a similar quality in order to attract 
widespread consumer acceptance - 

PDPs, i.e,, gas discharge panels, are well known in 
the art and, in general/ comprise a structure including a 
pair of substrates respectively supporting column and row 
electrodes, each coated with a dielectric layer and 
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disposed in parallel spaced relation to define a gap 
therebetween in which an ionizable gas is sealed. The 
substrates are arranged such that the electrodes are 
disposed in orthogonal relation to each other, thereby 
defining points of intersection which, in turn, define 
discharge pixel sites at which selective discharges may 
be established to provide a desired storage or display 
function. 

It is known to operate such panels with AC voltages 
and particularly to provide a write voltage which exceeds 
a firing voltage at a given discharge site, as defined by 
selected column and row electrodes, thereby to produce a 
discharge at a selected cell. The discharge can be 
continuously "sustained" by applying an alternating 
sustain voltage, which, by itself, is insufficient to 
initiate a discharge- The technique relies upon wall 
charges generated on the dielectric layers of the 
substrates which, in conjunction with the sustain 
voltage, operate to maintain continuing discharges. 

Referring to Fig, 1, the structure of a full color 
AC plasma panel is schematically illustrated. Plasma 
panel 410 includes a back substrate 412 upon which plural 
column address electrodes 414 are supported. Column 
address electrodes 414 are separated by barrier ribs 416 
and are covered by red, green and blue phosphors 418, 420 
and 422, respectively, A front transparent substrate 424 
includes a pair of sustain electrodes 42 6 and 428 for 
each row of pixel sites. A dielectric layer 430 is 
emplaced on front substrate 424 and a magnesium oxide 
overcoat layer 432 covers the entire lower surface 
thereof, including all of sustain electrodes 426 and 428. 
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The structure of Fig. 1 is sometimes called a single 
substrate AC plasma display since both sustain electrodes 
426 and 428, for each row, are on a single substrate of 
the panel* An inert gas mixture is positioned between 
substrates 412 and 424 and is excited to a discharge 
state by sustain voltages applied by sustain electrodes 
426 and 428. The discharging inert gas produces ultra- 
violet light that excites the red, green and blue 
phosphor layers 418, 420 and 422, respectively to emit 
visible light. If the driving voltages applied to column 
address electrodes 414 and sustain electrodes 426, 428 
are appropriately controlled, a full color image is 
visible through front substrate 424. 

In order to cause the AC plasma panel of Fig. 1 to 
exhibit a full color image for applications such as 
television or computer display terminals, a means of 
achieving a gray scale is needed. Since it is desirable 
to operate AC plasma panels in a memory mode to achieve 
high luminance and low flicker, an addressing technique 
is utilized to achieve image gray levels in pixels that 
only exist in the ON or off states. Such addressing 
technique is described by Yoshikawa et al. in n A Full 
Color AC Plasma Display With 256 Gray Scale", Japan 
Display, 1992, pp. 605-608. Because a PDP is a digital 
device, it can provide only a fixed number of gray scale 
gradations. In the case of an 8-bit red-green-blue (RGB) 
signal, 256 gradations are possible. 

Fig. 2 illustrates the driving sequence used by 
Yoshikawa et al. to achieve a 256 gray scale. The drive 
sequence is sometimes called the sub-field addressing 
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method. The plasma display panel is addressed in a 
conventional video manner that divides images into 
frames* A typical video image may be presented at 60 
frames per second, which corresponds to a frame time of 
16.6 milliseconds. The sub-field addressing method shown 
in Fig. 2 divides each frame into 8 sub-fields, SF1-SF8. 

As shown in Fig. 3, each of the 8 sub-fields is 
further divided into an address period and a sustain 
period. During the sustain period, a sustain voltage is 
applied to sustain electrodes 26 and 28- Thus, if a 
given pixel site is in the ON state, it is caused to emit 
light by one or more sustain pulses. By contrast, the 
sustain voltage is insufficient to cause a discharge at 
any pixel site that is in the OFF state. 

Note in Fig. 2 that the length of the sustain period 
of each of the 8 sub-fields is different. The first sub- 
field has a sustain period with only 1 complete sustain 
cycle period. The second sub-field has 2 sustain cycles, 
the third sub-field has a sustain period with 4 sustain 
cycles and, so forth, until the 8th sub-field which has a 
sustain period with 128 sustain cycles. 

By controlling the sustaining of a given pixel site 
that has been addressed, the perceived intensity of the 
pixel site can be varied to any one of the 256 gray scale 
levels. Suppose it is desired for a selected pixel site 
to emit at half -intensity or at level 128 out of 256. In 
such a case, a selective write address pulse is applied 
to the pixel site during sub-field 8 by applying an 
appropriate voltage to a column address electrode 14, and 
utilizing one of sustain lines 26, 28 as the opposing 
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address conductor . No address pulses are applied during 
the other sub-fields to the addressed pixel site. This 
means that during the first 7 sub-fields/ there is no 
writing action and therefore no light is emitted during 
the sustain periods. However, for sub-field 8, the 
selective write action turns ON the selected pixel site 
and causes an emission of light therefrom during the sub- 
field 8 sustain period/ in this case for 128 sustain 
cycles. The 128 sustain cycle per frame energization 
corresponds to a half-intensity for a frame time. 

If, alternatively/ it is desired for the selected 
pixel site to emit at one-quarter intensity or at level 
64 out of 256, then a selective write address pulse is 
applied to the pixel site during sub-field 1 and no 
address pulses are applied during the other sub- fields. 
Thus/ during sub-fields 1, 2, 3, 4, 5, 6 and 8, there is 
no writing and therefore no light is emitted during the 
respective sustain periods. However, for sub-field 1, 
the selective write turns ON the selected pixel site and 
causes an emission of light during the sub-field sustain 
period (in this case, for 64 sustain cycles corresponding 
to a 1-quarter intensity) . For a full-intensity case, 
the selective write address pulse is applied during all 8 
sub-fields so that the pixel site emits light for all 
sustain periods for each of the 8 sub-fields, 
corresponding to a full-intensity for the frame. 

The Yoshikawa et al- procedure enables any of 256 
different intensities to be achieved through the action 
of a display processor supplying an 8-bit data word for 
each sub-pixel site, the data word corresponding to the 
desired gray intensity level. By routing each of the 
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bits of the data word to control the selective write 
pulse of each of the 8 address periods of the 8 sub- 
fields in a given frame/ the 8-bit data word controls the 
number of sustain cycles during which the selected pixel 
site will emit light for that frame. Thus, any integer 
number of sustain cycles per frame between and including 
0-255 is obtainable. 

Fig, A shows a standard sustain pulse distribution 
over 8 subfields for an 8-bit grayscale. In an 8- 
subfield system, the sustain pulse distribution is 
binary-weighted . That is, each subsequent subfield will 
contain twice the number of pulses as the previous 
subfield. 

However, a PDP system is not limited to 8 subfields 
per frame. Japanese Patent No. H10-107 573 to Mori 
describes a system in which the pulses for the 8-bit 
grayscale are distributed over 12 subfields. Fig. 5 
shows an example of a 12-subfield sustain pulse 
distribution for an 8-bit grayscale, similar to that 
described in the Mori patent - 

Japanese Patent No. H10-153980 to Kawahara describes 
another distribution known as pulse width modulation 
(PWM) coding. Fig. 6 shows an example of a PWM 12- 
subfield sustain pulse distribution for an 8-bit 
grayscale. 

Conventional video signals are gamma corrected to 
rectify non-linearities of color cathode ray tubes. 
However, PDPs do not exhibit such nonlinearities . 
Accordingly, in order to use a conventional video 
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signal in a PDP system, an m inverse" gamma function 
must remove the gamma correction curve embedded in the 
conventional video signal and produce an output that 
matches the linearity of the PDP. The linear output 
data is represented in an 8-bit field that is sent to 
display logic circuitry for subfield processing. 

The inverse gamma function applied to the gamma 
corrected input data is typically defined by the 
equation: 



Fig. 7 is a graph representing the gamma 
correction function (Curve B) , the inverse gamma 
function (Curve C) and a desired linear output function 
(Curve A) . Inverse-gamma correction greatly reduces 
the number of gradations represented on the display. 
While the linear response allows 256 different output 
values, the inverse-gamma curve allows only 184 
different output values. This is most evident in the 
low-level image data where the input value must change 
considerably to achieve a small change in the output 
value* As the input value increases/ the slope of the 
curve increases, so that at high input levels a small 
change of input produces a large change of brightness. 

Fig. 8 is a graph of the gamma correction function 
for input values ranging from 0 to 4 0 counts of 
conventional video signal data. Note that an input 
value of 15 is required before any change is produced 
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at the output, and input values of 16 through 25 all 
produce an output value of 1. Consequently, at low 
intensity levels, a viewer sees a set of wide contours, 
each consisting of a single value decoded from a larger 
number of input values. 

A display controller for a PDP receives the gamma 
corrected input data, applies the inverse gamma 
function and enables individual subfields to produce a 
desired level of luminance. Since different types of 
digital displays produce different amounts of light and 
may have different brightness requirements, the amount 
of light produced varies. This requires use of a 
scaling operation to weight the subfields to yield full 
intensity. To preserve the linearity of the display, 
the subfields are binary coded, i.e. f each subfield 
produces twice the light as the previous subfield, as 
described above. When the number of pulses in each 
subfield is scaled to meet a brightness requirement, 
the binary weighting is scaled. For example, to 
increase the brightness by 5 times, quantities of 5, 
10, 20, 40, 80, 160, 320, and 640 sustain pulses are 
implemented in subfields 1 through 8, respectively. 

These prior art techniques for managing the 
intensity of an image on a PDP suffer from several 
limitations. First, as low light level information is 
intensified, intensity contouring is visible when an 
image presents data that moves between low level 
intensities. Second, the gradual slope of the inverse- 
gamma function for low input values produces artifacts 
that are perceptible to the human eye. The human eye 
operates more logarithmically than linearly and 
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consequently, it readily perceives a change in low 
light levels, making a viewer highly receptive to low 
level intensity transitions. Third, a moving picture 
disturbance (MPD) occurs as light shifts between 
subfields in a moving image. This causes the viewer to 
see false color contours as an image shifts across a 
display. 

As discussed above, a pixel that is to be 
illuminated in a subfield is first activated by a write 
voltage applied to the electrodes that define the pixel. 

Nonetheless , the pixel is addressed and sustain pulses 
are generated regardless of whether the pixel is to be 
illuminated. The addressing of the pixel and the 
generation of sustain pulses in a subfield within which a 
pixel will not be illuminated is a waste of power. 

It is an object of the present invention to provide 
a method and system for improving the image quality of a 
display in which a pixel is illuminated by pulses 
generated in subfields of a frame of the image in 
accordance with a pulse distribution function. 

It is another object of the present invention to 
provide such a method and system that improves resolution 
at low intensity levels. 

It is another object of the present invention to 
provide such a method and system that reduces moving 
picture disturbances. 
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It is yet another object of the present invention to 
provide such a method and system that reduces power 
applied to the display. 



SUMMARY OF THE INVENTION 

In accordance with a first method of the present 
invention; a method is provided for improving an image 
on a display that images pixels. Each of the pixels 
has an intensity represented by a respective pixel 
value, an intensity of a given pixel being associated 
with a number of pulses produced within a set of 
subfields in a frame-time, and the pulses allocated 
among the set of subfields in accordance with a pulse 
distribution. The method comprises the steps of 
determining a maximum pixel value to be imaged during 
the frame-time, and altering a number of pulses within 
a given subfield based on the maximum pixel value, thus 
modifying the pulse distribution. 

In accordance with a second method of the present 
invention/ a method is provided for reducing power 
consumed by a display that images pixels in which an 
intensity of a given pixel is associated with a number 
of pulses produced within a set of subfields in a 
frame-time. The method comprises the step of reducing 
power to the display during a given subfield in which 
none of the pulses are applied to produce the intensity 
of the given pixel. 

The invention takes advantage of subfields that 
would not ordinarily be used to produce the desired 
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level of luminance. The maximum pixel value is 
compared to a threshold that correlates to a sustain 
pulse distribution boundary of a subfield. The 
threshold is related to a number of pulses allocated to 
subfields prior in time in a frame-time. In the 
preferred embodiment, the invention identifies the 
subfield having the smallest associated threshold that 
is also greater than the maximum . pixel value. When the 
maximum pixel value is less than a threshold/ subfields 
occurring after that threshold can be used for the 
production of new pulses or for a redistribution of 
existing pulses. Also, an unused subfield can provide 
a period of time during which power to the display can 
be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a prior art PDP 
configuration ; 

Fig. 2 is a schematic view of a frame time and the 
subfields included therein; 

Fig. 3 illustrates the signals present in a single 
subfield; 

Fig. 4 illustrates a standard sustain pulse 
distribution over 8 subfields for an 8-bit grayscale 
system; 

Fig. 5 illustrates a 12-subfield sustain pulse 
distribution for an 8-bit grayscale system; 
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Fig. 6 illustrates a pulse width modulated 12- 
subfield sustain pulse distribution for an 8-bit 
grayscale system; 

Fig. 7 is a graph of a gamma correction function, 
an inverse gamma function and a linear output function; 

Fig. 8 is a graph of a gamma correction function 
for input values ranging from 0 to 40 counts of 
conventional video signal data; 

Fig. 9 illustrates an 8-subfield sustain pulse 
distribution for an 8-bit grayscale system with 
thresholds in accordance with the present invention; 

Fig. 10 illustrates a 12-subfield sustain pulse 
distribution for an 8-bit grayscale system with 
thresholds in accordance with the present invention; 

Fig. 11 illustrates a pulse width modulation 12- 
subfield sustain pulse distribution for an 8-bit 
grayscale system with thresholds in accordance with the 
present invention; 

Fig. 12 is a graph of pseudo 9-12 grayscaling that 
can be realized for a low value input to an inverse 
gamma function in accordance with the present 
invention; 

Figs. 13 - 17 illustrate a technique for 
allocating pulses to subfields to define sustain pulse 
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distributions over 12 subfields in accordance with the 
present invention; 

Fig. 18 illustrates subfields with new least 
significant bits (LSBs) situated in place of formerly 
unused subfields in accordance with the present 
invention; 

Fig- 19 illustrates subfields with new LSBs 
situated at the top of a frame in accordance with the 
present invention; 

Fig. 20 illustrates a preferred arrangement in 
which new pulses are situated after accumulated dead 
time in accordance with the present invention; 

Figs. 21 and 22 illustrate sustain pulse 
distributions over 12 subfields # including fractional 
sustain pulses in accordance with the present 
invention; 

Figs. 23 - 27 illustrate a technique for 
redistributing sustain pulses over 12 subfields 
according to the present invention; 

Fig. 28 illustrates a technique by which dead time 
is accumulated and allocated to create a new subfield 
in accordance with the present invention; 

Figs . 29 and 30 show suggested redistributions of 
sustain pulses to include thirteen and fourteen 
subfields in accordance with the present invention; 
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Figs- 31 - 33 illustrate combinations of a 
technique for allocating pulses to subfields, and for 
redistributing sustain pulses over 12 subfields 
according to the present invention; 

Fig. 34 illustrates an example of a technique of 
dynamic power reduction in accordance with the present 
invention; 

Fig. 35 is a graph showing several threshold 
levels, each with a hysteresis band in accordance with 
the present invention; 

Fig. 3 6 is a flowchart of a method for improving 
image quality of a display in accordance with the 
present invention; 

Fig. 37 is a flowchart of a method for improving 
low-level resolution of a display in accordance with 
the present invention; 

Fig. 38 is a flowchart of a method for reducing 
moving picture disturbance in accordance with the 
present invention; 

Fig. 3 9 is a flowchart of a method for reducing 
power consumed by a display in accordance with the 
present invention; 

Fig. 40 is a block diagram of a circuit for 
receiving an 8-bit gamma corrected video signal and 
improving the image quality of a display in accordance 
with the present invention; and 
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Fig, 41 is a block diagram of a circuit for 
receiving a 10-bit gamma corrected video signal and 
improving the image quality of a display in accordance 
with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is a method and system for 
improving the image quality of a display in which a pixel 
is illuminated by pulses generated in subfields of a 
frame of the image in accordance with a pulse 
distribution function. In brief, input data is frame- 
buffered and evaluated to determine a maximum pixel 
value in the frame. Thereafter, a number of pulses 
within a subf ield is altered based on the maximum pixel 
value, thus the sustain pulse distribution is modified. 
The invention is particularly suited for use with PDPs . 

The modification of the sustain pulse distribution 
is possible because the invention takes advantage of 
subfields that would not ordinarily be used to produce 
the desired level of luminance. The maximum pixel 
value is compared to a threshold that correlates to a 
sustain pulse distribution boundary of a subf ield. The 
threshold is related to a number of pulses allocated to 
subfields prior in time in a frame-time. In the 
preferred embodiment, the invention identifies the 
subfield having the smallest associated threshold that 
is also greater than the maximum pixel value. When the 
maximum pixel value is less than a threshold, subfields 
occurring after that threshold can be used for the 
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production of new pulses or for a redistribution of 
existing pulses. Also, an unused subfield can provide 
a period of time during which power to the display can 
be reduced. 

Fig, 9 shows an 8-subfield sustain pulse 
distribution for an 8-bit grayscale system. Five 
thresholds are indicated, i,e., THO = 255 f TH1 = 127, 
TH2 = 63 , TH3 = 31 and TH4 = 15. Consider a case of a 
maximum pixel value of 185 in a frame. The maximum 
pixel value of 185 is greater than all of the 
thresholds except for THO = 255. Consequently, all of 
the subfields must be used to produce sustain pulses to 
provide a level of intensity corresponding to a pixel 
value of 185. Now consider a case of a maximum pixel 
value of 90. The maximum pixel value of 90 is less 
than TH1 = 127, but greater than TH2 = 63. Thus, 
subfield 8 is not required to produce sustain pulses to 
provide a level of intensity corresponding to a pixel 
value of 90. 

Fig, 10 shows a 12-subfield sustain pulse 
distribution for an 8-bit grayscale system. Five 
thresholds are indicated, i.e., THO - 255, TH1 = 202, 
TH2 = 155, TH3 = 11 5, TH4 = 82. Note that each of 
these thresholds is a greater value than that of the 
corresponding thresholds, THO - TH4, shown in Fig. 9. 
A maximum pixel value of 185 is less than TH 1 = 202, 
but greater than TH2 = 155. Consequently, subfield 12 
is not required to produce sustain pulses for a level 
of light intensity corresponding to a pixel value of 
185. A maximum pixel value of 90 is less than TH3 = 
115, but greater than TH4 = 82. Thus/ subfields 10, 11 
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and 12 are not required to produce sustain pulses for a 
level of intensity corresponding to a pixel vaLue of 
90. 

The invention takes advantage of unused subfields 
by using them for the production of new pulses or for a 
redistribution of existing pulses. When comparing the 
examples above in the discussion of Figs. 9 and 10, one 
finds that the 12-subfield sustain pulse distribution 
(Fig. 10) provides more opportunity for utilizing 
otherwise unused subfields than does the 8-subfield 
sustain pulse distribution (Fig. 9) . Accordingly, the 
present invention can be applied more frequently in a 
12-subfield system than in an 8-subfield system. 

Fig, 11 shows a pulse width modulation (PWM) 12- 
subfield sustain pulse distribution for an 8-bit 
grayscale system. Five thresholds are indicated, i.e., 
THO = 255, TH1 = 223, TH2 - 191, TH3 = 159 and TH4 = 
127. Each of these thresholds is a greater value than 
that of the corresponding thresholds, THO - TH4 , shown 
in Fig. 10. The present invention can therefore be 
applied more frequently with the PWM 12-subfield 
sustain pulse distribution (Fig. 11) than with the 12- 
subfield sustain pulse distribution (Fig. 10) . 
However, tests have indicated that the distribution of 
Fig. 10 provides superior performance regarding a 
reduction of MPD artifacts. Therefore, the 12-subfield 
sustain pulse distribution of Fig. 10 is a preferred 
distribution, and it shall be assumed in the examples 
subsequently described herein. 
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The examples presented herein assume an 8-bit 
pixel value and a 12-subfield sustain pulse 
distribution. They also assume a display capable of 
generating at least 255 sustain pulses per frame. 
However, the invention is not constrained to these 
examples. In general terms, the present invention can 
be applied to a system having an N-bit pixel value, and 
a display capable of producing P(2 N - 1) sustain pulses 
in a frame, where P is an integer greater than 0, and 
the number of subfields is greater than or equal to N. 

Although the examples presented herein show a 
sequence of subfields having an least significant bit 
(LSB) in subfield 1 and a most significant bit (MSB) in 
subfield 12, the present invention can be applied to 
any sequence of subfields. For example, the sequence 
can be ordered in time from MSB to LSB, or it can be 
independent of an LSB -MSB ordering, such as the 
distribution 1, 4, 10, 19, 33, 47, 53, 40, 26, 14 6, 
and 2 sustain pulses. 

The present invention includes three modes of 
operation, for convenience referred to as Mode 1, Mode 
2 and Mode 3 that may be used separately or in 
conjunction with each other. In Mode 1, low-level 
resolution is improved by allocating one or more new 
pulses to an otherwise unused subfield. In Mode 2, MPD 
reduction is achieved by redistributing pulses from 
subfields below the threshold, and including the 
otherwise unused subfield in the redistribution. In 
Mode 3, driving circuits for the display are turned OFF 
during unused subfields . 
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In Mode 1, low-level resolution is improved by 
allocating one or more new pulses to an otherwise 
unused subfield. When a display is capable of 
producing more than 255 sustain pulses in a frame/ more 
grayscale gradations can be realized. The present 
invention can thus use an 8 -bit grayscale input value 
to produce a pseudo grayscale value of greater than 8 
bits. Table 1 lists the minimum number of sustain 
pulses that a system must be capable of producing to 
support various pseudo grayscaling schemes. For 
example/ for a 12-bit pseudo grayscale, the system must 
be capable of producing at least 408 0 sustain pulses 
per frame. The table also shows an allocation of 
pulses, and indicates the threshold levels that can 
possibly be realized in a system capable of providing a 
12-subf ield sustain pulse distribution such as that 
shown in Fig. 10. 
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Fig. 12 shows the benefit of pseudo 9-12 
grayscaling that can be realized for a low value input 
to the inverse gamma function. For low level inputs in 
the range of 0-26, an 8-bit grayscale produces only 
three different output values, i.e., 0, 16 and 32, 
while a 12-bit grayscale yields 19 different output 
values, 12-bit grayscaling offers increased resolution 
over 9-bit grayscaling. 

Given a display capable of producing 4080 sustain 
pulses per frame, in an 8-bit grayscale system a least 
significant bit (LSB) represents 16 sustain pulses. 
The present invention produces a pseudo 9-12 bit 
grayscale by talcing advantage of subfields that are not 
ordinarily used in the 8-bit grayscale system and 
allocating new LSBs representing 8 r 4, 2 and 1 pulses. 
With 408 0 sustain pulses per frame, the present 
invention can produce a pseudo 12-bit grayscale (see 
Table 1) . The following examples further illustrate 
the operation of Mode 1, and the technique of pseudo 9- 
12 bit grayscaling. 

Mode 1, Threshold 0. Refer to Fig. 13. The 
maximum pixel value is greater than TH1 = 202. All 
twelve subfields are used/ and therefore none are 
available for pseudo grayscaling. 

Mode 1, Threshold 1. Refer to Fig. 14, The 
maximum pixel value is less than or equal to TH1 = 2 02, 
and greater than TH2 = 155. Subfield 12 is not 
ordinarily used. Subfield 12 can therefore be used for 
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one new LSB representing 8 sustain pulses. Pseudo 9- 
bit grayscaling is thus achieved. 

Mode 1, Threshold 2. Refer to Fig. 15. The 
maximum pixel value is less than or equal to TH2 - 155, 
and greater than TH3 = 115. Subfields 12 and 11 are 
not ordinarily used. Subfields 12 and 11 can therefore 
be used for two new LSBs representing 8 and 4 sustain 
pulses. Pseudo 10-bit grayscaling is thus achieved. 

Mode 1, Threshold 3. Refer to Fig. 16. The 
maximum pixel value is less than or equal to TH3 = 115, 
and greater than TH4 = 82. Subfields 12, 11 and 10 are 
not ordinarily used. Subfields 12/ 11 and 10 can 
therefore be used for three new LSBs representing 8, 4 
and 2 sustain pulses* Pseudo 11-bit grayscaling is 
thus achieved . 

Mode 1, Threshold 4. Refer to Fig. 17. The 
maximum pixel value is less than or equal to TH4 = 82. 

Subfields 12 , ll f 10 and 9 are riot ordinarily used. 
Subfields 12/ 11, 10 and 9 can therefore be used for 
four new LSBs representing 8, 4 f 2 and 1 sustain 
pulses. Pseudo 12-bit grayscaling is thus achieved. 

In a general case, Mode 1 of the present invention 
recognizes that some subfield in the pulse distribution 
contains a least significant number of pulses. The 
invention identifies an unused subfield and allocates 
to the unused subfield a quantity of new pulses equal 
to one half of the least significant number. 
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The relative placement of sustain pulses within a 
frame also influences the quality of an image as 
perceived by a viewer. This is because the human eye 
interprets an image by integrating the pulses, and the 
eye is susceptible to frame- to- frame variations in the 
pulse distribution. 

Figs. 18 and 19 show two possible schemes for the 
placement of new pulses with a frame of image data. 
The figures also depict a retina response to excursions 
between Threshold 0 and Threshold 4 with an image 
moving at three pixels per frame. The new pulses can 
be situated at any point within the frame, and the 
ordering of the subfields can also be modified. Fig. 
18 shows the subfields with new LSBs situated in place 
of the formerly unused subfields while Fig. 19 shows 
the subfields with new LSBs situated at the top of the 
frame. Although either scheme can be used, the 
arrangement shown in Fig. 19 can introduce 30Hz flicker 
and MPD artifacts when several thresholds are crossed 
in consecutive frames. These artifacts can be 
introduced by overshoot and undershoot intensity errors 
in the retina response (see Fig. 19) caused by a 
temporal change in the position of subfields 1-8 within 
the frame. Accordingly, the arrangement shown in Fig. 
18 is preferred over that of Fig. 19. 

Dead time is a time during which no pulse is 
generated. An additional improvement can be realized 
by accumulating dead time and situating the new pulses 
at a predetermined position within the frame with 
respect to the dead time. Similarly, the new pulses 
can be situated so that the dead time resides at a 
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predetermined position in the frame. The subfields 
that are designated for new sustain pulses ordinarily 
generate a major portion of the number of pulses within 
the frame. Since the quantity of pulses, typically 8, 
4, 2 or 1/ that are allocated to these subfields is 
much less than the quantity that the subfields are 
capable of accommodating/ these subfields may contain 
substantial amounts of dead time- . 

Fig. 20 illustrates a preferred arrangement in 
which new pulses are situated after the accumulated 
dead time. Under this arrangement the new pulses will 
immediately precede the first subfield in the following 
frame. Consequent ly, light from the new pulses will 
transition smoothly into the next frame. Nonetheless, 
the invention is not limited to this arrangement, and 
the new pulses can be situated at any point within the 
frame with respect to the dead time. Furthermore, the 
dead time can be partitioned or redistributed 
throughout the f rame ♦ 

Some PDP systems are capable of generating sustain 
pulses that provide varying levels of illumination. 
For example, a sustain pulse having a narrow pulse 
width may produce less light than a sustain pulse 
having a wider pulse width. Also, the light emitted 
during addressing can be considered to be some fraction 
of the light emitted by one sustain pulse. In such 
systems, H and H brightness, and other fractional 
levels of brightness, can allow for increased 
grayscaling levels without increasing the number of 
sustain pulses . 
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For example, as shown in Fig. 21, 10-bit 
grayscaling can be realized by adding a H sustain pulse 
and a H sustain pulse to the 155 sustain pulses that 
are remaining at Threshold 2 for a total sustain^ pulse 
count of 155 + H + ^ = 155.75 sustain pulses. As shown 
in Fig. 22, if a system is capable of producing 1020 
sustain pulses, 10-bit grayscaling can be generated 
using whole sustain pulses (see Table 1) . In an 8-bit 
system, TH4 - 82, while in a 10-bit system, TH4 = 328 
(i.e., 328 = 2 2 x 82). Accordingly, when a maximum 
pixel values falls below 82 counts, 12-bit grayscaling 
can thus be achieved by adding LSBs representing ^ and 

fractional sustain pulses for a total sustain pulse 
count of 328 +2+l+*2+H= 331.75 sustain pulses. 
Therefore, low-level resolution can be improved by 
providing sustain pulses that yield less luminance than 
that of a regular sustain pulse. 

In Mode 2, MPD reduction is achieved by 
redistributing pulses from subfields below the 
threshold into one or more subfields that are otherwise 
unused. That is, one or more pulses from the subfields 
below the threshold are allocated to one or more of the 
otherwise unused subfields. The MPD reduction is 
achieved by reducing variations in the level of light 
emitted in consecutive frames so that the retina 
response does not integrate false contours during 
motion in the image. As discussed above in the context 
of Figs. 9 and 10, the advantage of using 12 subfields 
to represent an 8-bit pixel value is that the sustain 
pulses can be more linearly distributed across the 
subfields in a 12-subfield system than in an 8-subfield 
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system. Reducing a delta sustain pulse count between 
adjacent suJbfields yields a reduction in MPD. 

When one or more of the most significant subfields 
are not utilized in a frame, it is possible to 
redistribute the sustain pulses therefrom over all 12 
subfields, further reducing the variation in number of 
sustain pulses between adjacent subfields. The issues 
concerning 30Hz flicker and MPD artifacts when crossing 
thresholds, presented in the description of Mode 1, 
also apply in this mode* However, the redistribution 
of sustain pulses introduces a randomness factor. The 
result does not introduce a significant amount of new 
MPD during these transition periods. The following 
examples further illustrate the operation of Mode 2. 

Mode 2, Threshold 0. Refer to Fig. 23. The 
maximum pixel value is greater than TH1 = 202. All 
twelve subfields are used, and therefore none are 
available for redistribution of sustain pulses. 

Mode 2, Threshold 1. Refer to Fig. 24. The 
maximum pixel value is less than or equal to TH1 = 202, 
and greater than TH2 = 155. Subfield 12 is not 
ordinarily used. The 202 sustain pulses originally in 
subfields 1 through 11 are redistributed over 12 
subfields. Fig. 24, Frames 3 and 4, show a suggested 
redistribution. 

Mode 2, Threshold 2. Refer to Fig. 25. The 
maximum pixel value is less than or equal to TH2 = 155, 
and greater than TH3 = 115. Subfields 12 and 11 are 
not ordinarily used. The 155 sustain pulses originally 
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in subfields 1 through 10 are redistributed over 12 
subfields. Fig. 25, Frames 3 and 4, show a suggested 
redistribution. 

Mode 2, Threshold 3. Refer to Fig. 26, The 
maximum pixel value is less than or equal to TH3 - 115, 
and greater than TH4 - 82. Subfields 12, 11 and 10 are 
not ordinarily used. The 115 sustain pulses originally 
in subfields 1 through 9 are redistributed over 12 
subfields. Fig. 26, Frames 3 and 4, show a suggested 
r edi s t r ibu t ion . 

Mode 2, Threshold 4. Refer to Fig. 27. The 
maximum pixel value is less than or equal to TH4 — 82. 

Subfields 12, 11, 10 and 9 are not ordinarily used. 
The 82 sustain pulses originally in subfields 1 through 
8 are redistributed over 12 subfields. Fig. 27 r Frames 
3 and 4, show a suggested redistribution. 

The effectiveness of Mode 2 can be further 
enhanced by dynamically adjusting the thresholds based 
on the modified pulse distribution. That is, when the 
sustain pulses are . redistributed over the 12 subfields/ 
the boundaries of the subfields will change, and the 
thresholds of the subfields can be adjusted. 

For example, refer again to Fig. 24, and assume 
that a detected peak pixel value is less than or equal 
to TH1 - 202, and greater than TH2 = 155. The 202 
sustain pulses from subfields 1 through 11 are 
redistributed over 12 subfields. The modified 
distribution is shown in Frame 4, in which the new 
distribution of sustain pulses from subfields 1 through 
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11 totals 162. Accordingly, a New TH2 = 162 Is defined 
for Frame 4 . 

Similarly, as shown in Fig, 25, with a sliding 
threshold distribution providing 162 sustain pulses 
over 12 subfields, a New TH3 = 129 is defined by 
totaling the sustain pulses from subfields 1 through 
11. 

Also, as shown in Fig. 2 6, with a sliding 
threshold distribution providing 12 9 sustain pulses 
over 12 subfields , a New TH4 = 104 is defined by 
totaling the sustain pulses from subfields 1 through 
11. 

The advantage of dynamically adjusting the 
thresholds is that the new thresholds will be crossed 
at higher luminance levels, thereby allowing more 
opportunity for redistribution of sustain pulses and, 
consequently/ MPD reduction. 

Another enhancement is realized by recognizing 
that the amount of dead time in a frame increases as a 
smaller total number of sustain pulses is redistributed 
over the 12 subfields. The dead time can be 
accumulated and allocated to create a new subfield. 

Fig, 2 8 illustrates the technique by which dead 
time is accumulated and allocated to create a new 
subfield. *S/A" represents a time interval required 
for setting up and addressing a subfield. Depending on 
the threshold, subfields 9, 10, 11 and 12 will each 
include an interval of dead time during which no 
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sustain pulses are generated. The intervals, SP9, 
SP10, SP11 and SP12 represent the recoverable time from 
the original subfields 9 through 12 , respectively. 

When a maximum pixel value falls below threshold 
2, subfields 11 and 12 are ordinarily not used* SP11 
and SP12 can be recovered and allocated to create a new 
subfield, i.e., a thirteenth subfield. 

Likewise , when the maximum pixel value falls below 
threshold 4, subfields 9, 10 11 and 12 are ordinarily 
not used. 5P9, SP10, SP11 and SP12 can be recovered 
and allocated to create two new subfields, i.e./ a 
thirteenth and fourteenth subfield. 

Figs. 29 and 30 show suggested redistributions of 
sustain pulses to include thirteen and fourteen 
subfields, respectively. These distributions over 
thirteen and fourteen subfields further reduce the 
variation in the numbers of sustain pulses between 
subfields , which further reduces MPD. 

Depending on the threshold level that is crossed 
by a maximum pixel value, a combination of enhanced 
low-level resolution (Mode 1) and MPD reduction (Mode 
2) may be achieved. As more thresholds are crossed due 
to decreasing image pixel values, more choices are 
possible regarding the utilization of the upper 
subfields. In a case where the maximum pixel value is 
less than or equal to TH4, 4 pseudo grayscale bits can 
be added and 2 additional subfields can be created, for 
a total of 14 subfields, over which the sustain pulses 
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can be redistributed. The following examples describe 
several scenarios, but others are possible. 

Combined Modes, Threshold 1. The maximum pixel 
value is less than or equal to TH1 = 202 and greater 
than TH2 = 155. Subfield 12 is not ordinarily used. A 
choice may be made to utilize either Mode 1 or Mode 2. 

Combined Modes, Threshold 2. Refer to Fig. 31. 
The maximum pixel value is less than or equal to TH2 = 
155, and greater than TH3 = 115. Subfields 12 and 11 
are not ordinarily used, and are thus available for 
image enhancement. One of these available subfields is 
situated on the left end of the pulse distribution and 
used for new LSBs (Mode 1) . The other available 
subfield is used to allow a redistribution of sustain 
pulses (Mode 2) . 

Combined Modes, Threshold 3, Refer to Fig. 32. 
The maximum pixel value is less than or equal to TH3 = 
115, and greater than TH4 = 82. Subfields 12, 11 and 
10 are not ordinarily used, and are thus available for 
image enhancement. Two of these available subfields 
are situated on the left end of the pulse distribution 
and used for new LSBs (Mode 1) . The other available 
subfield is used to allow a redistribution of sustain 
pulses (Mode 2) . Alternatively, only one of the 
available subfields can be used for a new LSB, and the 
other two available subfields can be used for 
redistribution of pulses. 

Combined Modes, Threshold 4. Refer to Fig. 33. 
The maximum pixel value is less than or equal to TH4 = 
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82. Subfields 12, 11, 10 and 9 are not ordinarily 
used, and are thus available for image enhancement. 
Three of these available subfields are situated on the 
left end of the pulse distribution and used for new 
LSBs (Mode 1) - The other available subfield is used to 
allow a redistribution of sustain pulses (Mode 2) . 
Alternatively, only one or two of the available 
subfields can be used for new LSBs, and the remaining 
available subfields can be used for redistribution of 
pulses „ 

In Mode 3, driving circuits for the display are 
turned OFF during unused subfields. This feature 
results in a reduction of quiescent-state power for the 
addressing and sustaining driver circuits. 

Fig. 34 illustrates an example of dynamic power 
reduction for a case where the maximum pixel value is 
less than or equal to Threshold 4. Subfields 9, 10, 11 
and 12 are not ordinarily used. Therefore, the driver 
circuits can be turned OFF during these subfields. In 
this case, quiescent-$tate power to the addressing 
circuits is reduced by 33%, and quiescent-state power 
to the sustain circuits is reduced by 68%. 

Several other techniques can be applied to further 
enhance the effectiveness of the present invention. 
These techniques include a high luminance filter, 
hysteresis logic, and scene detect logic as described 
below. 

The high luminance filter deals with a situation 
where the maximum pixel value is associated with only a 
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small portion of the total image. For example, a 
bright star, 5 pixels in size, is present in a 
nighttime scene. The high intensity of the star is 
represented by a maximum pixel value that does not fall 
below any of the thresholds, and therefore no subfields 
are available for image enhancement. The high luminance 
filter overcomes this problem by discarding pixels 
associated with a high luminance region that represents 
less than a small percentage, for example 1%, of the 
total image. The greatest threshold level that is less 
than the filtered high intensity pixel value is then 
selected as the threshold for the frame of image data. 

For example, if the given 5 pixels in the bright star 
have a value of 210, THl = 202 is selected for that 
frame because it is the greatest threshold level that 
is less than 210. The filtered data is then limited to 
202. This technique assures that the filtered data is 
not grossly limited to a much lower threshold value, 
which would unnaturally limit the dynamic range of the 
intensity of the image. 

The hysteresis logic deals with a situation where 
a maximum peak value, from frame-to- frame, toggles 
about a threshold. This toggling will cause a 30 Hz 
flicker of the image as new LSBs are alternately 
activated and deactivated. The hysteresis logic 
overcomes this problem by creating a hysteresis band 
having an upper and lower boundary. A maximum pixel 
value must cross one of the boundaries in order for a 
threshold to change. 

For example, Fig. 35 is a graph showing the 
thresholds, each with a hysteresis band providing ±3 
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counts of hysteresis. A maximum pixel that is 
initially greater than TH1 = 202, and therefore in the 
range of THO, must fall below 199 for the threshold to 
transition from THO to TH1. Conversely, if the pixel 
value is in the range of TH1, it must subsequently 
climb to greater than 205 for the threshold to 
transition from TH1 to THO. 

The scene detect logic deals with a situation 
where minor frame-to-frame variations in an image cause 
changes in the pulse distribution. These variations 
appear as a low rate, but undesirable, modification of 
the image intensity. The scene detect logic permits a 
change in threshold only when the image has changed 
from a previous image by a predetermined amount . That 
is, the scene detect logic will inhibit the alteration 
of the pulse distribution when the image has not 
changed by the predetermined amount. Image content for 
one frame is determined by summing the 8-bit data value 
for every full-color pixel (RGB) as it is written into 
a frame memory- The scene is regarded as having 
changed if the absolute difference of the total data 
content between two frames is greater than the 
predetermined amount. However, each threshold should 
be assigned an absolute maximum and minimum value so 
that the system will recognize a case where the maximum 
pixel value is well beyond the range of the current 
threshold, although a scene change is not detected. By 
recognizing the absolute values, thresholds will change 
appropriately for slow fade-ins and fade-outs , even 
though the image data from frame- to- frame may not 
differ enough to trigger a scene change. 
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Fig. 36 is a flowchart of a method for improving 
image quality of a display in accordance with the 
present invention. The method is implemented in a 
system in which the display images pixels , each with an 
intensity represented by a respective pixel value. The 
display is energized on a frame-time basis in which 
each fraiae includes a set of subfields. The intensity 
of a given pixel is controlled by applying sustain 
pulses to the subfields in accordance with a pulse 
distribution. Three modes of operation, as described 
above, are represented in this method. However, the 
method can be implemented to apply any of the three 
modes individually. The method begins with step 2. 

In step 2, the method reads a frame of image data. 
The method then advances to step 4. 

In step 4, the method evaluates the frame of image 
data and finds a maximum pixel value. The method then 
advances to step 6. 

In step 6, the method evaluates the desired mode 
of operation for the system. If the desired mode is 
Mode 3, then the method branches to step 22. If the 
desired mode is not Mode 3, then the method advances to 
steps 8 and 10. 

Step 8 is an embodiment of the hysteresis logic, 
and step 10 is an embodiment of the high luminance 
filter, both of which are described above. The 
sequence in which these steps are executed is not 
critical to the operation of the present invention, so 
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they are represented here as being performed in 
parallel. 

Referring to step 8, recall that a given subfield 
has an associated threshold value related to a number 
of pulses allocated to subfields prior in time in the 
frame. The method defines a hysteresis band around the 
subfield thresholds. The intent of the hysteresis band 
is to prevent a sequence of maximum pixel values that 
alternate above and below an original threshold value, 
from toggling about the original threshold value. The 
threshold values are adjusted so that a relationship 
between a current maximum pixel value and the threshold 
is retained until a subsequent maximum pixel value 
changes by more than a predetermined amount from the 
current maximum pixel value. The method then advances 
to step 12. 

Referring to step 10 f the method limits an 
intensity of a pixel associated with a high-luminance 
region of the image that represents less than a 
predetermined percentage of the image. This step may 
or may not limit the maximum pixel value , but for the 
sake of clarity, in subsequent steps, the result from 
step 10 is referred to as the resultant maximum pixel 
value. The method then advances to step 12, 

In step 12, the method determines whether the 
image has changed a predetermined amount as compared to 
a previous image. This step is an embodiment of the 
scene detect logic described above. The point at which 
this step is performed is not critical to the operation 
of the present invention. For example, the scene 
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detect operation of step 12 could be performed before 
the hysteresis operation of step 8 and the high 
luminance filter of step 10. If the image has not 
changed by the predetermined amount/ then the method 
loops back to step 2. If the image has changed by the 
predetermined amount, then the method advances to step 
14. 

In step 14/ the resultant maximum pixel value is 
compared to a threshold that correlates to a sustain 
pulse distribution boundary of a subfield. The 
threshold is related to a number of pulses allocated to 
subfields prior in time in a frame. In the preferred 
embodiment/ the method identifies the subfield having 
the smallest associated threshold that is also greater 
than the maximum pixel value. When the maximum pixel 
value is less than a threshold, the method will alter 
the number of pulses allocated to subfields occurring 
after that threshold. The method then advances to step 
16. 

In step 16/ the method evaluates the desired mode 
of operation for the system. If the desired mode is 
Mode 1/ then the method advances to step 18. If the 
desired mode is Mode 2, then the method advances to 
step 20. 

In step 18, in accordance with Mode 1, the method 
allocates new LSB sustain pulses to subfields that are 
otherwise unused. The method steps of Mode 1 are 
further described below in association with Fig. 37. 
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In step 2 0, in accordance with Mode 2, the method 
redistributes sustain pulses. The method steps of Mode 
2 are further described below in association with Fig. 
38. 

In step 22, the resultant maximum pixel value is 
compared to a threshold that correlates to a sustain 
pulse distribution boundary of a subf ield. The 
threshold is related to a number of pulses occurring 
prior in time in subfields in a frame. The method then 
advances to step 24. 

In step 24 , in accordance with Mode 3, the method 
reduces power consumed by the display. The method 
steps of Mode 3 are further described below in 
association with Fig. 39. 

Fig. 37 is a flowchart of a method for improving 
image quality of a display in accordance with Mode 1 of 
the present invention. Mode 1 modifies the pulse 
distribution based on the maximum pixel value in order 
to improve low-level resolution of the display. This 
method begins with step 32. 

In step 32, the method identifies a subf ield, 
based on a relationship between a threshold value and 
the maximum pixel value, for alteration of a number of 
pulses present in the subf ield. Note that the maximum 
pixel value was determined in step 4 of Fig. 3 6, but it 
may have been limited by the high luminance filter in 
step 10 of Fig. 3 6 to yield a resultant maximum pixel 
value. Note also that step 8 of Fig. 36 defined a 
hysteresis band about the threshold levels. In the 
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preferred embodiment, the method compares the resultant 
maximum pixel value to the thresholds associated with 
the subfields and identifies one or more subfields 
having an associated threshold value that is greater 
than the resultant maximum pixel value. The method 
identifies a subfield having a smallest associated 
threshold value that is also greater than the resultant 
maximum pixel value. when the resultant maximum pixel 
value is less than a threshold, subfields occurring 
after that threshold can be used for the production of 
new pulses. The method then advances to step 34. 

In step 34, the method allocates one or more new 
pulses to the unused subfields. The method then 
advances to step 36. 

In step 36, the method situates subfields at 
desired positions within the frame. The one or more 
subfields identified in step 32 can be situated at any 
position in the frame, but in a preferred arrangement, 
the subfields will be located at the end of the frame, 
just prior to a beginning of a subsequent frame. The 
method then advances to step 38. 

In step 38 , the method accumulates dead time from 
the subfields with the new pulses, and situates the new 
pulses at an optimum position within the frame with 
respect to the dead time. In the preferred 
arrangement, new pulses are situated after the 
accumulated dead time. 

Fig. 38 is a flowchart of a method for improving 
image quality of a display in accordance with Mode 2 of 
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the present invention. Mode 2 modifies the pulse 
distribution based on the maximum pixel value in order 
to reduce MPD. This method begins with step 52* 

In step 52, the method identifies a subfield, 
based on a relationship between a threshold value and 
the maximum pixel value, for alteration of a number of 
pulses present in the subfield. Note that the maximum 
pixel value was determined in step 4 of Fig. 36, but it 
may have been limited by the high luminance filter in 
step 10 of Fig. 36 to yield a resultant maximum pixel 
value. Note also that step 8 of Fig. 36 defined a 
hysteresis band about the threshold levels. In the 
preferred embodiment, the method compares the resultant 
maximum pixel value to the thresholds associated with 
the subfields and identifies one or more subfields 
having an associated threshold value that is greater 
than the resultant maximum pixel value. The method 
identifies a subfield having a smallest associated 
threshold value that is also greater than the resultant 
maximum pixel value. When the resultant maximum pixel 
value is less than a threshold, subfields occurring 
after that threshold can be used for a redistribution 
of existing pulses. The method then advances to step 
54. 

In step 54, the method accumulates dead time from 
subfields within the frame. Dead time is a time during 
which no pulse is generated- The method then advances 
to step 56. 

In step 56, the method determines whether a new 
subfield can be created in place of the accumulated 
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dead time. If a new subfield can be created, then the 
method advances to step 58. If a new subfield cannot 
be created, then the method branches to step 60. 

In step 58 , the method creates one or more new 
subfields from the accumulated dead time. The method 
then advances to step 60. 

In step 60/ the method redistributes pulses across 
all available subfields. in particular, the pulses 
required to produce the desired level of luminance are 
redistributed over all of the subfields, including 
subfields identified in step 52, and new subfields 
created in step 58. The method then advances to step 
62. 

In step 62, the thresholds are adjusted based on 
the modified pulse distribution. This step is an 
embodiment of the technique of dynamically adjusting 
the thresholds, as described above. 

Fig. 39 is a flowchart of a method for reducing 
power consumed by a display in accordance with Mode 3 
of the present invention. This method begins with step 
82. 

In step 82, the method identifies an unused 
subfield, based on a relationship between a threshold 
value and the maximum pixel value. Note that the 
maximum pixel value was determined in step 4 of Fig. 
36, but it may have been limited by the high luminance 
filter in step 10 of Fig. 36 to yield a resultant 
maximum pixel value. Note also that step 8 of Fig. 3 6 
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defined a hysteresis band about the threshold levels. 
In the preferred embodiment , the method compares the 
resultant maximum pixel value to the thresholds 
associated with the subfields and identifies one or 
more subfields having an associated threshold value 
that is greater than the resultant maximum pixel value. 

The method identifies a subfield having a smallest 
associated threshold value that is also greater than 
the resultant maximum pixel value. When the resultant 
maximum pixel value is less than a threshold f subfields 
occurring after that threshold indicate a period of 
time during which power to the display can be reduced. 

In step 84 , the method reduces power to the 
display during the time of the one or more subfields 
identified in step 82. 

Fig. 40 is a block diagram of a circuit for 
receiving an 8-bit gamma corrected video signal and 
improving the image quality of a display in accordance 
with the present invention. For simplicity, the block 
diagram describes the data path for one color (i.e., 
red, green or blue) . The primary components of the 
circuit include a maximum pixel value detector 130, a 
frame memory 140, an inverse-gamma correction and 
sustain pulse coding read only memory (ROM) 180/ and a 
sustain pulse distribution and subfield total circuit 
170. Additionally, the circuit includes a scene detect 
circuit 11 0, a high luminance filter 120 , a threshold 
decoder 150, and a hysteresis circuit 152. 

The circuit can be implemented with discrete 
components or in firmware. Alternatively , it can be 
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implemented in a processor 190, with associated memory 
192. While the procedures required to execute the 
invention hereof are indicated as already loaded into 
memory 192, they may be configured on a storage media, 
such as data memory 194 for subsequent loading into 
memory 192. 

All of the 8-bit gamma corrected image data for 
one frame is written to frame memory 140. Frame memory 
140 is a temporary holding area for the image data. 

Maximum pixel value detector 130 evaluates the 
image data while it is being written to frame memory 
140. Maximum pixel value detector 130 outputs a 
maximum pixel value for the frame of image data. 

Scene detect circuit 110 determines whether an 
image has changed from a previous image by a 
predetermined amount. The scene is regarded as having 
changed if the absolute difference of the total data 
content between two frames is greater than a 
predetermined amount. It produces an output indicating 
whether the scene has changed. This circuit is an 
embodiment of the scene detect logic described above. 

High luminance filter 120 limits the intensity of 
pixels associated with a high luminance region that 
represents less than a small percentage of the total 
image. This overrides the maximum pixel value detector 
130 when the filter conditions are met. 

Hysteresis circuit 152 considers the threshold of 
the previous frame, and the hysteresis bandwidth to 
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determine whether a difference between a first maximum 
pixel value and a subsequent maximum pixel value is 
sufficient to warrant a transition between thresholds. 

Threshold decoder 150 receives the outputs from 
scene detect circuit 110, high luminance filter 120/ 
maximum pixel value detector 130, and hysteresis 
circuit 152. After accounting for the scene change, 
high luminance, and hysteresis, threshold decoder 150 
compares the resultant maximum pixel value with the 
thresholds corresponding to the subfield boundaries. 
By identifying which thresholds have been crossed, the 
system can identify subfields that are not ordinarily 
used to produce sustain pulses for the desired level of 
luminance. For example, referring to Fig. 10, a 
maximum pixel value of less than or equal to TH2 = 155, 
and greater than TH3 = 115 indicates that subfields 11 
and 12 are available for image enhancement. 

Threshold decoder 15D produces a mode control 
indicating which threshold has been crossed. Table 2 
lists the thresholds and corresponding mode control 
values . 
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Table 2 
Mode Control Bits 



Threshold Decode 


Mode Control Bits 


2 


1 


0 


Threshold 0 


0 


0 


0 


Threshold 1 


0 


0 


1 


Threshold 2 


0 


1 


0 


Threshold 3 


0 


1 


1 


Threshold 4 


1 


0 


0 



The inverse-gamma correction and sustain pulse 
coding ROM 180 obtains data froia frame memory 140 and 
obtains the mode control from threshold decoder 150. 
The inverse-gamma correction and sustain pulse coding 
ROM 180 applies inverse gamma correction to the 8-bit 
image data and produces 12-bit image data that is sent 
to a subfield data memory. 

In Mode 1, which operates to enhance low level 
resolution, the inverse-gamma correction and sustain 
pulse coding ROM 180 assign new lsbs to subfields 12, 
11, 10, and 9 for TH1 , TH2, TH3, and TH4, respectively, 
as shown in Figs- 13-17, In Mode 2, for MPD 
reduction, ROM 180 redistributes the 8-bit input data 
to 12 subfields after inverse-gamma correction. 

Note that threshold decoder 150 determines the 
mode before inverse- gamma correction and sustain pulse 
coding ROM 180 acts on the data from frame memory 140. 
This is because inverse-gamma correction and sustain 
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pulse coding ROM 180 require the mode control in order 
to choose an appropriate 8-12 bit grayscaling. Since 
the threshold detection operation precedes inverse- 
gamma correction,, the correct input values are selected 
for detection to correlate to the thresholds after 
inverse-gamma correction. For example, if Threshold 1 
is crossed for image data=202, then input value 230 is 
detected based on the inverse- gamma calculation. 

It is possible to apply inverse-gamma correction 
at the front end of the system. However, this would 
require a 12-bit data path for all detection processes 
as well as for the frame memory. This would result in 
unnecessarily complex and more expensive hardware. It 
is also possible to separate the inverse-gamma 
correction and sustain pulse coding ROM into an 
inverse-gamma correction ROM 182 and a sustain pulse 
coding ROM 184, as shown by dotted blocks in Fig. 40. 
However, this would require a 12 -bit output from 
inverse-gamma correction ROM 182 into sustain pulse 
coding ROM 184. It simplifies the process and requires 
less hardware to implement both functions in one ROM. 

The sustain pulse distribution and subfield total 
circuit 170 receives the mode control from threshold 
decoder 150. The sustain pulse distribution and 
subfield total circuit 170 generates sustain pulses for 
each subfield, to match that of the coded 12-bit data 
produced by the inverse-gamma correction and sustain 
pulse coding ROM 180, and sends the sustain pulses to a 
sustain circuit. The potential for enhanced 
grayscaling (9-12 bits) is determined in advance and is 
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largely dependent on how many sustain pulses a given 
system can generate. 

Sustain pulse distribution and subfield total 
circuit 170 and inverse -gamma correction and sustain 
pulse coding ROM 180 work in unison to modify the 
sustain pulse distribution. This includes the 
allocation of new pulses to subfields for improved low 
level resolution, and the redistribution of pulses to 
reduce MPD. They situate the subfields within the 
frame, and if possible, they produce new subfields from 
accumulated dead time. 

When applying Mode 3 to reduce power, threshold 
decoder 150 utilizes only the input from maximum pixel 
value detector 130. Driving circuits for the display 
are turned OFF during unused subfields . Since Mode 3 
does not alter the remaining subfields , the scene 
detect circuit 110, high luminance filter 120, and 
hysteresis circuit 152 are not required for operation 
of Mode 3. 

The present invention can also be applied in a 
system that uses a 10-bit RGB input- 10-bit input 
sources are available in professional digital video 
formats. Also, other analog sources can be converted 
to 10 bits using a 10-bit analog-to-digital converter. 

Having a 10-bit source will add more detail to the 
image at brighter levels, but the increased input 
resolution is not generally apparent at low levels 
where the slope of the inverse-gamma curve is very 
small. Instead, the 10-bit grayscaling inverse-gamma 
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response is virtually identical for 8 and 10-bit inputs 
up to level 45 (8-bits) or 180 (10-bits) . However, 
above this level, much more image detail will be 
provided from the 10-bit source as the slope of the 
inverse-gamma curve becomes steeper. 

Fig. 41 is a block diagram of a circuit for 
receiving a 10-bit gamma corrected video signal. All 
modes described earlier for the 8-bit circuit in Fig. 
40 can be applied using a 10-bit input. The major 
difference in the hardware is that the inverse-gamma 
correction and sustain pulse coding read only memory 
(ROM) 2 80 for the 10-bit system must be 4 times deeper 
to accommodate the 2 additional address {input data) 
bits. For simplicity, the maximum pixel value detector 
230 truncates 2 LSBs before determining the maximum 
pixel value from 8 bits as described above. 

When adding 1 or 2 new LSBs of grayscaling over 
the 12 subfields, these new inverse-gamma corrected 
bits will be derived from the 2 additional LSBs 
provided by the source, Any additional LSBs will be 
generated from the 12-bit output from inverse-gamma 
calculations as in the 8-bit system. The two 
additional source LSBs provide the extra image detail 
described above. 

It should be understood that the foregoing 
description is only illustrative of the invention. 
Various alternatives and modifications can be devised by 
those skilled in the art without departing from the 
invention. Accordingly, the present invention is 
intended to embrace all such alternatives, modifications 
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and variances that fall within the scope of the appended 
claims. 
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CLAIMS 

What is claimed is: 

1. A method for improving an image on a display that 
images pixels, each of said pixels having an intensity 
represented by a respective pixel value/ an intensity 
of a given pixel being associated with a number of 
pulses produced within a set of subfields in a frame- 
time, said pulses allocated among said set of subfields 
in accordance with a pulse distribution, said method 
comprising the steps of: 

determining a maximum pixel value to be imaged during 

said frame- time; and 
altering a number of pulses within a given subfield 

based on said maximum pixel value, thus modifying 

said pulse distribution. 

2. The method of claim 1, wherein said given subfield 
has an associated threshold value related to a number 
of pulses allocated to subfields prior in time in said 
frame-time/ and wherein said altering step includes the 
step of identifying said given subfield based on a 
relationship between said threshold value and said 
maximum pixel value. 

3. The method of claim 1, wherein said pixel value is 
an N-bit value, and said display is capable of 
producing P(2 N - 1) pulses in a quantity of Q subfields 
in said frame-time, and wherein P is an integer greater 
than 0, and Q ^ N. 
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4. The method of claim 1, further comprising the 
additional step of situating said given subfield at a 
predetermined position in said frame-time. 

5. The method of claim 1, wherein said altering step 
includes the step of allocating a new pulse to said 
given subfield. 

6. The method of claim 1, wherein said set of 
subfields includes a subfield having a least 
significant number of said pulses, and wherein said 
altering step includes the step of allocating to said 
given subfield, a quantity of new pulses equal to one 
half of said least significant number. 

7. The method of claim 1, wherein a pulse in said 
given subfield yields less luminance than that of a 
pulse in a non-given subfield. 

8. The method of claim l f wherein said altering step 
includes the step of allocating to said given subfield, 
a pulse from another subfield. 

9. The method of claim 1, wherein said altering step 
includes the steps of: 

accumulating dead time, wherein said dead time is a 

time interval during which no pulse is generated; 
allocating said dead time to a new subfield; and 
situating said new subfield at a predetermined 
position in said frame-time. 



10. The method of claim 1, further comprising, before 
said altering step, the step of limiting an intensity 
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of a pixel associated with a high-luminance region of 
said image that represents less than a predetermined 
percentage of said image. 

11. The method of claim 1, further comprising, before 
said altering step, the step of inhibiting said 
altering step when said image has not changed by a 
predetermined amount as compared to a previous image. 

12. The method of claim 2, further comprising, after 
said altering step, the step of adjusting said 
threshold value based on said modified pulse 

di stribut ion * 

13. The method of claim 2, wherein said maximum pixel 
value is a current maximum pixel value, and wherein 
said method further comprises the step of adjusting 
said threshold value so that said relationship is 
retained until a subsequent maximum pixel value changes 
by more than a predetermined amount from said current 
maximum pixel value. 

14. The method of claim 5, wherein dead time is a 
time interval during which no pulse is generated, and 
wherein said altering step includes the step of 
situating said new pulse so that said dead time resides 
at a predetermined position in said frame-time. 

15. A method for reducing power consumed by a display 
that images pixels, an intensity of a given pixel being 
associated with a number of pulses produced within a 
set of subfields in a frame-time, said method 
comprising the step of reducing power to said display 
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during a given subfield in which none of said pulses 
are applied to produce said intensity of said given 
pixel . 

16. The method of claim 15, wherein each of said 
pixels has an intensity represented by a respective 
pixel value, and said given subfield has an associated 
threshold value related to a number of pulses allocated 
to subfields prior in time in said frame-time, and 
wherein said method further comprises, before said 
reducing step/ the steps of: 

determining a maximum pixel value to be imaged during 

said frame- time; and 
identifying said given subfield based on a 

relationship between said threshold value and said 

maximum pixel value. 

17. A storage media that includes instructions for 
controlling a processor that, in turn, improves an 
image on a display that images pixels, each of said 
pixels having an intensity represented by a respective 
pixel value, an intensity of a given pixel being 
associated with a number of pulses produced within a 
set of subfields in a frame-time, said pulses allocated 
among said set of subfields in accordance with a pulse 
distribution, said storage media comprising: 

means for controlling said processor to determine a 
maximum pixel value to be imaged during said 
frame- time; and 
means for controlling said processor to alter a 

number of pulses within a given subfield based on 
said maximum pixel value, thus modifying said 
pulse distribution. 
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18 ♦ The storage media of claim 17, wherein said given 
subfield has an associated threshold value related to a 
number of pulses allocated to subfields prior in time 
in said frame-time, and wherein said storage media 
further comprises means for controlling said processor 
to identify said given subfield, based on a 
relationship between said threshold value and said 
maximum pixel value. 

19. The storage media of claim 17, wherein said pixel 
value is an N-bit value, and said display is capable of 
producing P{2 N - 1) pulses in a quantity of Q subfields 
in said frame-time, and wherein P is an integer greater 
than 0, and Q ^ N. 

20. The storage media of claim 17, further 
comprising, means for controlling said processor to 
situate said given subfield at a predetermined position 
in said frame-time, 

21. The storage media of claim 11, further 
comprising, means for controlling said processor to 
allocate a new pulse to said given subfield. 

22. The storage media of claim 17, wherein said set 
of subfields includes a subfield having a least 
significant number of said pulses, and wherein said 
storage media further comprises means for controlling 
said processor to allocate to said given subfield, a 
quantity of new pulses equal to one half of said least 
significant number. 
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23. The storage media of claim 17, wherein a pulse in 
said given subfield yields less luminance than that of 

a pulse in a non-given subfield. 

24. The storage media of claim 17, further 
comprising, means for controlling said processor to 
allocate to said given subfield, a pulse from another 
subfield. 

25. The storage media of claim 17, further 
comprising: 

means for controlling said processor to accumulate 
dead time, wherein said dead time is a time 
interval during which no pulse is generated; 

means for controlling said processor to allocate said 
dead time to a new subfield; and 

means for controlling said processor to situate said 
new subfield at a predetermined position in said 
frame-time . 

26. The storage media of claim 17 , further comprising 
means for controlling said processor to limit an 
intensity of a pixel associated with a high-luminance 
region of said image that represents less than a 
predetermined percentage of said image. 

27. The storage media of claim 17 , further comprising 
means for controlling said processor to inhibit 
alteration of said number of pulses in said given 
subfield in a case where said image has not changed by 

a predetermined amount as compared to a previous image. 



54 



^§^2001-222254 (P2001-222254A) 



(82) 

28. The storage media of claim 18, further 
comprising, means for controlling said processor to 
adjust said threshold value based on said modified 
pulse distribution. 

29* The storage media of claim 18, wherein said 
maximum pixel value is a current maximum pixel value , 
and wherein said storage media further comprises means 
for controlling said processor to adjust said threshold 
value so that said relationship is retained until a 
subsequent maximum pixel value changes by more than a 
predetermined amount from said current maximum pixel 
value. 

30. The storage media of claim 21 , wherein dead time 
is a time interval during which no pulse is generated, 
and wherein said storage media further comprises means 
for controlling said processor to situate said new 
pulse so that said dead time resides at a predetermined 
position in said f rame-time . 

31. A storage media that includes instructions for 
controlling a processor that, in turn, reduces power 
consumed by a display that images pixels an intensity 
of a given pixel being associated with a number of 
pulses produced within a set of subfields in a frame- 
time, said storage media comprising means for 
controlling said processor to reduce power to said 
display during a given subfield in which none of said 
pulses are applied to produce said intensity of said 
given pixel. 
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32. The storage media of claim 31, wherein each of 
said pixels has an intensity represented by a 
respective pixel value / and said given subfield has an 
associated threshold value related to a number of 
pulses allocated to subfields prior in tiiae in said 
frame-time, and wherein said storage media further 
comprises: 

means for controlling said processor to determine a 
maximum pixel value to be imaged during said 
frame- time; and 

means for controlling said processor to identify said 
given subfield based on a relationship between 
said threshold value and said maximum pixel value. 

33. A system for improving image quality of a display 
that images pixels, each of said pixels having an 
intensity represented by a respective pixel value, an 
intensity of a given pixel being associated with a 
number of pulses produced within a set of subfields in 

a frame-time, said pulses allocated among said set of 
subfields in accordance with a pulse distribution, said 
system comprising: 

means for determining a maximum pixel value to be 

imaged during said frame-time; and 
means for altering a number of pulses within a given 
subfield based on said maximum pixel value, thus 
modifying said pulse distribution. 

34. The system of claim 33, wherein said given 
subfield has an associated threshold value related to a 
number of pulses allocated to subfields prior in time 
in said frame-time, and wherein said altering means 
identifies said given subfield based on a relationship 
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between said threshold value and said maximum pixel 
value. 

35. The system of claim 33, wherein said pixel value 
is an N-bit value, and said display is capable of 
producing P(2 N - 1) pulses in a quantity of Q subfields 
in said frame-time/ and wherein P is an integer greater 
than 0, and Q ^ N- 

36. The system of claim 33, further comprising means 
for situating said given subfield at a predetermined 
position in said frame-time. 

37. The system of claim 33 , wherein said altering 
means allocates a new pulse to said given subfield. 

38. The system of claim 33, wherein said set of 
subfields includes a subfield having a least 
significant number of sajd pulses, and wherein said 
altering means allocates to said given subfield, a 
quantity of new pulses equal to one half of said least 
significant number. 

39. The system of claim 33, wherein a pulse in said 
given subfield yields less luminance than that of a 
pulse in a non-given subfield. 

40. The system of claim 33, wherein said altering 
means allocates to said given subfield, a pulse from 
another subfield. 

41. The system of claim 33, wherein said altering 
means comprises: 
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means for accumulating dead time, wherein said dead 
time is a time interval during which no pulse is 
generated; 

means for allocating said dead time to a new 

subfield; and 
means for situating said new subfield at a 

predetermined position in said frame-time. 

42. The system of claim 33, further comprising, means 
for limiting an intensity of a pixel associated with a 
high- luminance region of said image that represents 
less than a predetermined percentage of said image, 

43. The system of claim 33, further comprising, means 
for inhibiting operation of said altering means when 
said image has not changed by a predetermined amount as 
compared to a previous image. 

44. The system of claim 34, further comprising means 
for adjusting said threshold value based on said 
modified pulse distribution. 

45. The system of claim 34, wherein said maximum 
pixel value is a current maximum pixel value, and 
wherein said system further comprises means for 
adjusting said threshold value so that said 
relationship is retained until a subsequent maximum 
pixel value changes by more than a predetermined amount 
from said current maximum pixel value. 

46. The system of claim 37, wherein dead time is a 
time interval during which no pulse is generated, and 
wherein said altering means situates said new pulse so 
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that said dead time resides at a predetermined position 
in said frame- time . 

47. A system for reducing power consumed by a display 
that images pixels, an intensity of a given pixel being 
associated with a number of pulses produced within a 
set of subfields in a frame-time, said system 
comprising means for reducing power to said display 
during a given subfield in which none of said pulses 
are applied to produce said intensity of said given 
pixel. 

48. The system of claim 47 # wherein each of said 
pixels has an intensity represented by a respective 
pixel value, and said given subfield has an associated 
threshold value related to a number of pulses allocated 
to subfields prior in time in said frame-time, and 
wherein said system further comprises: 

means for determining a maximum pixel value to be 

imaged during said frame -time; and 
means for identifying said given subfield based on a 

relationship between said threshold value and said 

maximum pixel value. 
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ABSTRACT 

There is provided a method and system for 
improving an image on a display that images pixels. 
Each of the pixels has an intensity represented by a 
respective pixel value, an intensity of a given pixel 
being associated with a number of pulses produced 
within a set of subfieldis in a frame-time, and the 
pulses allocated among the set of subfields in 
accordance with a pulse distribution. The method 
comprises the steps of determining a maximum pixel 
value to be imaged during the frame-time/ and altering 
a number of pulses within a given subfield based on the 
maximum pixel value, thus modifying the pulse 
distribution. The system is implemented in a circuit 
that executes the method steps. 
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1 

©■sj-^7^-JH«©iBiK»i«3aTe»nT*t). ^i£75& 

FfcfcHTP (2N-1) m<D/V\,X&±l$.-?2>Z.ttf 

6 ] ±E 1 fi©tJ-y 7 -)V F tt*4>R© A 

I£«'>$c© 2 #•© 1 ©t£©rr b n/w* £#J D §T5 d 

MMBB7] ±Ems©-y-^7^-;n-*(ci5tt^>/i;u 
xtt, f£»+)-^7 —)V wm^zfy j —)V F \z& 

77^, 



(2) 

2 

mmL^Zfy 4 -)V F ^±E7 U-AP*|«i*j©ffi 
1 E«©*ffi. 

[§]t#JRlO] ±E^0^x.-57 l ^^7 f ©W(C. 

©w^©ia««t 0 t>/hs t>n£&$-rpi{ft<z>fiffK£ig 

* C t ft» ^tT-SW*^ 1 E«©*fe. 

11 ±E^0^A-2)X^-y^©Hf[tC. ±E 
H# £ © ffi © BB i Jt S< b TBfJtSfc* ^{b b T H fc 

6 £#-r* n t *»«fr«ai*JS 1 e«©# 

[«*«12] ±E«0»A*Xx2/^O«tc. ±E 
bfc IcS^T-hE b # Mfi£pg-f £ X 

r-y 6 leWT * d <h *«?*£T*a!*E 2 E«6© 

1 3 ] ±B«*H*Btt8lfiE©«*H*B-I? 

±E7jSjtt±E b # ^1SSST5^T7 :/£ S e> 

*««H#sn* «t 5 \z?z>z.t z&'&tTzm&m 2 eb 
©75?£. 

4] x>> H^-f Att/wx^ritsn&n 
^±E7l/-AB#mrt©m^4B(c{iB^^cfc^tcrrb 

3t^©H*©^««7 U'-A^fWtC^ttS 1 ffi©it^7 

±mffi%.<Dmm<D&m&±f&-?z>tctbiz±. 
mxm 1 6 ] ±jbi«o#* tt^n-en©H*ffli- 

J;0a$n^>3S«^#b, ±EBf€©U-y7-f-;PFtt 
±127 k-AB#WlCi3^T^fWWtCS([©1i-y7 -;U H 

40 \zmvmTt>nrc/-viz.<Dmzmmvrz. wj©©b#^ 
sic, 

±E7 U-A«rM+fc*«$n*«*H*«[**JE-r* 

±Eb^^fi<t±E*^:®*ffli©^©W^lc«^T± 

t z ftrnt? *M#B1 5E«om 
Ii#Si7] ^D-feyy-«:lWfP-r*fS»^*^trE» 

50 K7 f n-tyy-ttia*S8fe-r**SB±Tf©iB«*a» 
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3 

i *&©-y-7*7^ 

±E 7° d -t y U- £ ±E 7 1/ - A St n 4" £ $ n S 

^;ux»**«M-r*«t5Kiiiijii-r*#at*ii^.fcc 

U 

±8HOlH*J«ft:«, ±E7°P-fey-y-£_tEL#^fiI£S 
-;WHfc*^TP (2N-1) Kd/wxststsi 

[»#g2 0] ±EJ3r5£©1*7*7^-;H^-kB7U 

ftHH-rs^ass t si** 1 

M#8 21] m l wvix *±.tmnw77j - 

)V H CM 0 m T-5 J; 5 lc±E7 p n -fe y V £ mwt * #S 

[ai*S2 2] ±Blfi©tf7*7*-JI'Ftt«4>»© 

±EB»»*tt, ±E«'>ISc©2#© 1 ©SSc©#rbWt 
;U7 > £±EfifT/g©1t7*7^ PCll!)ST5J:3l:± 
B7*D*ytf*1H»?-4¥&*#tr££*«r*i-r*W 
#31 1 7 B«©B»$£#. 

[g«#a2 3] ±Bm^©-y-7*7^f-;wHtci5its^ 
^©•^7*7^-;uh*T^uit7*7w , -;uKtc 

[«*«2 4] ±BHrr^©-y-7'7^c-;n>*(rsij©-y-7* 
7 4 -)i h *»s o/w* en 0 g t 4 =t 5 k ±b 7* □ -t 

#5 1 7 fittoBflt&ft. 



(3) 

Mrr L ^ if 7*7 A -)l HS±E7 U-AftlWrtOBrjfcti: 

s k Eg-r ^ <t 5 ic ± b 7* d -t y +)- * ©jffli-r 4 ^a t s 

2 6 ] m^©fJ^-©±BH# i 0 (^B 

-r-5<t5tc±B7 p p-ty-!t$$ir<ai-r4^a$s e>icwr 

Br£K£ttJEftUT<r>fttr>«£lct;l. ±BU"7*7^-;W 
a*3&fc#-r*£i*#«i-fSB!*Bl 8B«©B 

20 & 0. 

±EE*«fttts etc. &©**B*<i#±E§iflE©« 

H«;Wi»Stt*J:3fc:±EL£^tt£nSTaJ:3 

(c, ±B7*ni:ytf£fWwr4#ft£wr« 

±B7l — AP#ra©^£&gC&ST5J:3l;:grlA>/1 

ra3i] 7 r n-tyy-*w»-r**^*^trffis 
«toiB*sn****««L/, f?fs©a^©^«tt7 1/ 

-A&ISCfcttS l ffi©it7*7^ KftT£b&A°;u 
7©»(CP51LT*5D. 

ic±EA';u7. © ufnt aijdn $ n& ^mfew)- 7*7 w - 

;U K 4 1 © (C^-r 4 « 73 (SMf 4 J: 5 ±B 7° P -fe 
40 [gg#]R3 2] ±E§B^« J E-n^n©B*fi^ t fc'3 

i^n^g^tL, ±Bm^©-y-7*7^-;i/H«±B 

7 \s-&mmiZ&\,*Tmfflff3\ZBl<D-*)-Zf74 -)V KICK 

±EL*nli±Ei*M5Iiffl|III©IWISl:S^T± 
BHTrS©-y-7*7 w -)V K 4 <t o lC±B7"P-t y 

so BtiOBfttttt. 
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5 

±EB*©fc*tt*n*ft©B*ttK«fc9*tosn.5!S 

nsw/wxtt/wxa-ftKLfcau^E© 1 iaro-y-7' 

±E7u-Ai6M*£*ssn*s*B*ffi£8wrr4 
±E**ia*eca^TBf €0*^7 << -)V f i^©/vu 

JUX^SSEMt - * ->Xy-A. 
TStifc/WXOftfcHiiLfc. »l6©b#^lt*# 

±E©«jo»*.*^Rtt. ±EL*t»«£»*B*«& 

[BI5RJI3 5] ±CH*M»4Ntfy FffiT&D. J. 
-;uh*{c*3t>TP (2N-1) ma>n)i7.&$Li&?z>z. 

*»*3B3 3E«OyXfA. 

[»*S3 7]" ±E«t)JlilS¥ait iUWW 
£±Efi>T/t©-t>-7*7 * -)V F fc« 0 ^TS Z t Sftlt 
f £lf#S3 3Ei®yXfA. 

[**«3 8] ±E lffl©1t 7*7 ^-JyF &*'>&© 

/wx 

±E«0«A*^Rtt. ±E«4>«© 2 «•© 1 ©»©*? 
L WVV7. *±E0f^O-y- 7*7 f — ;U F ICfiJ 0 Z 
3 3Et©yXfA. 

t»*J|3 9] ±Em^cD-y-^7^-;uh*(ct3it^A 
Bf5£©ii-7*7 >r KT^t^7'7^-;i Kir 

7*7 * -;y F fc, ^ — ;U Ffr 5 (D/VVZ. £#J 

«JST*c:t**#«fr*l»*«3 3Ei©yXfA. 
[»«3i4 1 ] ±E«JD 

Wet. 



(4) 

EtOy^fA. 

[»#E4 2 ] Rlf5£©fiJ^<D±ESi^«t 0 fc/hS^H 
***-r±EB*©ffl»««*CHii LfcH*©»ft* 

3Et©y7xfA. 

^3 3Efc©->XTA. 

5«*«3 4Et©yXfA. 

W4 5] ±E**B3tiffitt9i«E©ft*B*«-C 
SO, 

±Ev7N7"A«±EL#^fi^liS-r^^S^$b!cW 
^©v-X^A. 

E7 u-AB#mrt©j»£te«ic&(rr* ±5 tegf btvi 
^siBB-rant^wafr^Mf^a 7E«©->x 

T"A. 

£{£irf -5 v X t- A T & o T, 
HfrS©BHS©3£Ste7 U-AlgP^fcfcttS 1 »©1t7*7 

SgyXfAll ±E0r]tC«*©il«S:4l«T5&» 

so (c±EA°^x©i^-rn ; feEnia$n^i/^^©-y-x*7^- 
;|/ FKttU ^©it7*7 j -)i> F4"©*^lc*fT&*?j 
£ (garr * £^ ts z t z &wl t r & -> x ? a . 

[»#B4 8 ] ±E#B*tt-€-*-HPn©H*fitK:<fc 0 
i^n^M^tL. ±Ef??/&©-y-7*7^-;UFte±E 
y U-Am?$lz&^Tm$ftlzwi(D J V-7'7 4 —)V F \zm 

o mx%nitn)V7*<Dmzm&\siz.ttfo-tz> L^^m* 

WU ±EvX5=AteS£K, 

±E7W-Ai*M4 , K**3n**bfcB*ffi*8Hrr4 

40 ±Eb*^tt£±E**B*«t©ra©H«"c£lr>T± 
EKfa£©-S-7*7 ^ -;u F £«r)Tt*^R£ £^tf£ t £ 
1#&£-r-5»*5i4 7Et©yXfA. 

[f89i©PBfctft9§] 

[0 0 0 1 ] 

■y--7*7-f -;U F tr*5UT5!^ LIt/VIX \Z i 0 BXAf% 

7tTf.a^g«©B#n D n**est#-r^fc*©7jSR^v 
so i*«ftssn. /wx#*a<-t©BSRffifc:s^T3E!es 
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[0 0 0 2] 

m&V&ffi) 3iffi (AC) ^X*7t^^K/^ 
)l (PDP) ©J^texv^Ux-f T-Xl^-f **, fl/t 

7Hf (DTV/HDTV) 7^-77M:it5fl/ 

tttsi & n * fc» ©si*/ 1 1 -cass t x # 

^oisfiv (crt) fcmiLzntz&mm&ti? 
PDP«^-ntiwimcoiaK^3ifieb, jc^am? 

[ooo3] PDPtab^^xM/ujuiiSgi 

[0 0 0 4] ^©±3fc^*JP#AC«JEK±?)*flsS 

ic. £*«ffi*igAst^&**ffia*Brjt©;tt«iM' h 

CtfC^D^LT rjjftJS (sustain) J 

**. ^j#*ffi«^ns#(CctoT«> ttfi*iPBift-r* 

[0 0 0 5] BUlC, ififflACy^XV/t^fflS® 
©HEISTS m^5. 7*7X7/^)1/4 1 OteWffig 
«4 1 2S"&*, «7jS1£4 1 2©±tC««$:©?lJ7 K 
U7,ttffi4 1 4^Sntt>5. ^!J7KWX«ffi4 1 
4BA'Jt 1 J7*4 1 6K,fc»3#«an, ft, #0i 
7£#4 18, 4 2 0, 4 2 2 ©#* iZ J; t) IfcntH 
4. iEffi©891£«4 2 4tt, H*-y-f H©fT»K-» 
©*ft£F«1i4 2 6t4 2 8£^if„ ^S«#J14 3 0 «IE 
ffi»£4 2 4±iCffiDOlt^n. T^y^Al 
fk«IH4 3 2^ *£&«*I4 2 6, 4 2 8©iT5: 
^/uT, MftI4 3 0OJ;0fil>l©gIi*JIo 

[0 0 0 6] ilOiM, fTa©*tti**ffi4 2 6, 4 

3„ Tfgtt#X©*g£#S«4 1 2 tSfi4 2 4©F B 1tC 
ElSft, *ft#«ffi4 2 6 £4 2 8\Z&Q&)tia2ntzm 



(5) 

«? 

8. 4 2 0, 4 2 2CD-^n-€-*n£®^LTBl«7fc£m73 
£-fcr£. fcU fr7KWtl4 14Rtfi»tfi4 2 

6,4 2 8 KHijD-rsKiijmffi^fflwtcflPjflsnntf. 

[0 0 0 7] 7 L Wk*-^a>bfn.-5'x^ XXHSO 

<t summizmsTm 1 oAcX7Xv/^;w:tfii 

5. ACX7X^A°*)|/£il5ffg<g7'J -y^^H^-r-S 

io *7Vtm<Dmm\z&^xwmvgm$:'Mm-rz>tzsbiz, 7 
k u y is > v&mmm $ n?.„ •?-© ± 5&7 h v *> -> 

ysf&WM, B"yf> r 7m\Z£Z>' A Full Color AC Plasm 
a Display with 256 Gray Scale (Japan Display, 199 
2, pp. 605-608)* tCaEjSSnT^ -5. PDPlif^il' 

8 fcfy h*-ft-# (RGB) ff-^(D«-&, 2 5 6P£SI 

[0 0 0 8] i2(t 2 5 SBIISr^TSfcfcfcaj' 

nzz\iitf$>2>. X7XYT^xxw-fn*jHJ. b& 

£ 7 U- A fcfl-WT t* x*7jffiT7 K kr» 

^n*. AMW&k'ftiili l ®m\z 6 0 7 V- 
AT«*^n§4. Wile. 6 5 Uf£©7l/-Af$ 

Fpitc*fjs-r 4. ^ 2 tc^-r-y- 7*7 -c kjhi/ -v -> > 

^(i#7 8 OOi)77-f - Jl- H S F 1 - SF 

8 C#|lt4. 

[0009] i3i:*t±7i:, 8-y-^7w— ;uk©# 

<=>K7 r*UX»!Wt»«f«WtJC»flSn*. ££ 

so j#fflF B i©ra«. wmnm)m%sw&2 6, 2 8 {camps 

Ta&tl^ 1 •oJ£i.±©^Jt>'N°;i/7. (SP : sustain puis 
e) lC«tt)56^*«§l*iSc3n*. cniC^L, 

[0 0 1 0] H 2 {C&t^T, 8it^7^-^K©#40 

Boiu-'f ^ )i<D^.(Dmimm^m-o. i2s@©irx 

;i/Ktt4|tfifU-f i^)U©, aS8#B©-y-y7-f-;i/Hf4 

1 2 saijt-y-f i7;i/©«iitfflra*^. 

[0 0 1 1 ] 7 r J UX$nfcRJf^©H^-y-'f r-©«ftj#€r 

a*tJC»UT*»©3SftT. tftt)%2 5 6ffl5'60 
1 2 8©l/^;UT»7 l £$-&^^«t:{S«-r-2>= -t©*^, 

so lt(Dl^H2 6, 2 8©lt3i£flJffl-rSC:tlC«t-3 
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(6) 



fcH*-!J-< httt9Jjpsn&^. £©;iin *«j©7 
-r K©Mtt»#&*lMfr&*fc< . *ti«> 

— ;U F 8 ©IB, £©»•&«: 1 2 ZWffiVt 9 )V<DT%> 
*<D%yt&*3\%mz.-§r. yU—Aommt (frame ener 
gization) l;oHT07l/-A 1 2 8 BWD- -i^Mt. 

[0 0 12] feU ftbOl:. ji^cEtlfclli^lM F£ 
4 #© 1 (DaSf4fc5 2 5 6 ©<F© 6 4 ©3££Tf8ft 

7©m«t». hsuim Ftcwapsn, <&©ii- 
7"7^-;i/ f©k*«7 F ux/^x«Wfln$n&^<, 

^ntCiO, U-y7^-^Kl, 2, 3, 4. 5, 6, 

8©mck n-r. -?-m$>;L. -e=rven©*i 

*-tMh£*>U ■y-7 , 7^-^r-*iKl^fWK©P B 1 <C© 

4»cDi»g?tMM5 6 4SSj#-y-< *;p©iw) 

*©a3t*3l€riBJiT. »*a*©*£K:rH>Ttt. m 
iR&5»t*&*-7 F 8 0©U-7 , 7 -< — ;U F© 

^T©p B i*. Enjpsnx, ^-ntcto, 7i/-A©i* 
^SIc^jsut, ■*im Mi8o©-y-7"7^-;n-*© 

[0013] a "7#©¥)n«. -^mshim r-atc 

?:^LT, tt*©2 5 6©att*»fl[©ISSSBl«i:-r 

5, x-^"7-H«ma©Pgii©^u^;nc: 

fil?j£©:7 lz-AlCiSI^T 8 -D<T>W7 J —)V F© 8 Z)<D 

7 Hi/xw^©^-n^n©sj?w«#ii*/'t;u7>^sijp 



/0 

* <d&&mw-?%. *<oiM9)HDm, MR^ntzmmv 

- 2 5 5©raatf 0-2 5 5*£tr. A1SD© 

[0 0 14] 0411 8 MKBHC^-T* 8-9-^7^ 
-;PF±©«*mc»#/W*#tf 8+r7"7^ 

-;u F ->7fA tcfcux, ntft/w*^ tt 2 ffi-cm* 
#ite.nT^s. -r^£t>-fe, a^b&u-:7:7^— ;uf© 
ttf©-y-7*-7^ — ;u f©a;i/7.&© 2 ^©/t;ux 

[0 0 15] lsfrl.l3.1fle>* PDPx7fAB171/- 

a^d 8-y-7"7^-;i/F(c:i5ge,n^^o ic^s^m 

f 1 0- 1 0 7 5 7 3^11 8¥y bVgffl\ZM-?Z/Vl> 
7.*U 21*^:7^— ;PF±tC#»£n5v'X5 1 A£liB;jR 
H5tt, qEU©ftttfcHjSSnfc*>©iE« 

©. 8tfy hKWJc^Tsi 2-y-^7^-;uh**t^/\°;u 

[0 0 16] ^/^fCt-S^F^l 0-153980 
#T«, /t^XBSEH (PWM) ^^fbibT^&nx 
20 Mt)5n©M^l*LT^5. 06128 by FPg 
i^tC^-r-SPWM 1 2^7^ -;UK«ljtA°;U7.»*© 
— #|£^bTl>£>. 

[0017] se*©b*^^-«^«^>vaiE$n. #7 

-»*»«©#i»»tt*5fejE'r*. b^bfc**?., PD 
P-*©J:-5&#*S£!tt»ftfr^. bfctf<oT, PDPy 
;*7\Mc*tt*tie*©Kx:*te^Sttffl1"-5fc«>K, 

[0018] j]>-?miE2nrc7 : -5'\z*3-s\t>tiz>MX 



Output _ Data = Jnput _ Range x 



Code 



Input _ Range j 



T 



(i) 



[0 0 19] 0 7(1 #>v*iIEII§iSc (filSB) . 

mmm^\t2 5 6<@©g 
ftsm^ffiSrwers-^T. mf3>^mmti 8 4<i 

©ll&£tJi#ffi©*b;f&>f^bftl>. dftH tU*Jffi£ 
ten ^^©BHix— ^C^^Tlfci^* 

A*fit©»lra»ct'bttir>, fllS ©«#*«« Jn 

■ffrti£iUz£ K>mm.tfsKZ < 3Mfcf*. 
[0 0 2 0] 1 8 (it*© k T*(l^f - ^ O 0 4 
0^'>>h©tEH©A*fflfC*fT-&^>-x'ffiIEP^&©^ so 



-a©i£ir»*t»»&s*. ^n^*n©is*i5«#fc©A^ 

[0 0 2 1 ] PDPlc^rT 5^3> hn-7(W>7 
b> @*©-tt:77^-;uh*£ma©^;u©«St;:T 

5B*T*3t©«A**ftr*. Z(DTztb. 
7> 4r- U > ^» * f Jffl f 4 C i: <h * S . «*© 
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*<Dmai)-77 J -JUF© 2 ffi-©3"S*S6£f #1t7* 

7*£tl3. HAtf. »g^5fSICit»Q$-&-5feae){C, 
5, 1 0, 2 0, 4 0, 8 0, 1 6 0, 3 2 0, 6 4 0 

[0 0 2 2] 

mite, et^ft u^Hssga^* enfc t 
n-^-f »3c. KMfeitttf (mpd :movi 

ng picture disturbance) id H If 7* 7 4 — 

B#£bTJI£. 

[0 0 2 3 ] ±»CD#(C, 10©U-y7-f- ^FtCiSt* 

[0024] *mM<Dsm\z, Ajix^mmzLtz^ 
t,> i A©a«!<D-y-^'7^— ;ur-*tc*5ViT^Bg$n 

ZJsmRtfisXT-jU&im-t £ Z. t \Z$>Z> 0 

[0025] *mwv>2 t>\zm<Dgmt, &^&mi"< 
■t&ztiz&z. 

[0026] #f8^©£e>icsij©a««, mmmum^ 

[0027] *%w<D2 zizmosmt. &m&m\zm 
-r&ctiz&z. 

[0 0 2 8] 

§ i ffi©+J-7*7w FrtTf^us/^^roftfcH* 



(7) 

12 

l, -t-ne>©/t;u^ii/tji/7.^tbfe.*^i i ia©-tr7* 

7^-JUH©p B 1(CfiJ0STf>n-5. ^©Tjftte, 71/- 
to*?ci5gli:I^TBrf©i}-7'7^- ^Krt© 

[0 0 2 9] *5EWlC«*SB2©*jSlC«tn«, fi*r£© 
B*©3ifi*^b— A^fPsK'^tt* 1 iffi.©+r7*7^— ;U 

h* u & A-;i/x ©& ic nm* * mm & *-r a^sa 

w\zn?%n.j3*mm-z>7.Tv7'S:^t3. 
[0030] **Mtt3rao»av^;PS5s^a-a-sfc. 

*i$t(W7'7 -r -)v \*<r>m.R<Dm$fn)\,7>ftmzm 

20 jt#^-r-5*/jN©L#^ffiTfeoT«AB*fiJ:»3 
fcA#&b#^ffi£WT51f:/7^-;UF£#'£T-5. 

«*H*«a* b * i Mi J; o t>/hS b * ^fifi«t 

fig© «6 IC X (iS^f 5 /VIX ©BfrgE© tztb izmm T 
[0 0 3 1] 

1 7>- A©Blfe©-y-7*7^ — ;H*K:*5HT"fe(££ 
so n*/^XCJ:»5BiR*3fi3tS-ti:***©B«fiKS3fe 

tC P D P -^.©J^ffl tCifi bT t,^„ 
[0 0 3 2] *»W*«Bfa©U^;KO»S*»*3** 

40 7*7^-;UK©i|t^pA;WX^©^#tfflMM^©fe?) 
TmW77 4 -)V K tCW 0 =MT &nfc/^X©»fcH 

DbA^7i, */ho»j6ob€rt»ttSj$t3U- 7*7 
^, ^•©b*^ffi©«t»ife-r5-y-7*7-r-;Pr i ^. m 

\Z®im-C£Z>o Sfe. *^ffl©-y-7*7-Y-;i/r'{CckO, 

s^©feJ6©«^^®^T"^«))fflp B t ]*^Ae.n^. 

so [0 0 3 3] 09«8 h*-y hPg|@->7;xAIC*f-r?)8-y- 
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Sb^TH0 = 2 5 5, TH1 = 127. TH 2 = 6 
3. TH 3 = 3 1 RtfTH 4 = 1 5 ^SftTHi. 7 

u-&\z&^Tm*wmm&i 8 5©*££%;t&o a 

^iSPiiffl © 1 8 5 12. TH0 = 2 5 5%&^T±T<DL 

-5. m*Wmm<D 9 0 «TH 1 = 1 2 7 <fc 9 
fc/hS^jt*, TH2 = 63J:0^tK Z\<Dtcib, U" 

77^-;uF8«, ■$e<z>9 oic*fjSbfc3fi«i^^;u 

[0 0 3 4] HI 1 Ott-8 bT«y MBWv'XT-AtCWr* 1 

2+r7 , 7-Y — ;n«iift**/i;i/x^***-r. 5o©L£i^ 

fitftefr^TH 0 = 2 5 5 , TH1 = 2 0 2, TH2 = 
15 5. TH3=1 15RtfTH4 = 8 2^SntM 

-s>„ ;inb©i*77^— Ji/K©^n^*na*. i9i:st 

b#^fiiTH 0 -TH4.tC^T-5fflJ; 0 fc^S^ffiT 
fe-S^ttftSfr^trT**. 8 5«T 

Hl = 2 0 2±Ofc/hSW. TH2= 1 5 5<fc9fc* 
Lfc^oT, -y-^7^-;H^12H HSUttCDl 

= 1 1 5«tO"b/hS^, TH4 = 82±0%^tK 
IWftft. 1j'7 , 7-f-JH { 10. 11, 12 11 1*1 

(0 0 3 5] #5893 SPrLtVWX©^©/"^^ 

;WK&fiJfflf *. 0 9 £01 0©K«lc*tt*±K©W 

(B10) tt. 8-y-/7^-;uF(D^A-;i/X^fl: (0 
9) ©»£<J:Dfc, -tOttO*filffl-y-^7>f-;H<SfiJ 
/BT5«#*^fc 9 *<fc*;i tfc^T. 

[0 0 3 6] 01 l(18t'7 HPgiHv^xAfrMTS/l 

;P7x*sfi (pwm) i 2-^-^7 

*€r*r. 5^OLSlfiItato%TH0 = 2 5 5. T 
Hl = 2 2 3, TH 2=191, TH3 = 159StfT 
H4=12 7A%Snt^5. 'tl? 1 ©-y-77^-JI/K 
^1 0tC^-Tb^VifBTH0-TH4IC 
■Stt.kO'b**^. -€-n«t{C*5SWtt 1 2-^7*7 
4 -)V FiiJ#/i;UX^ (HI 0) iDfcPWMl 2U- 
77 J -)V\zm&>VV7,tt1fi (011) (C*fLTctO!S 
fSUdigffl£nf#<5. LfrL&#b. 01O©»f*tMP 
D£fit-^ (artifact) ©ffl^t~MLT@nfcttfig£58» 

^n^*. 01 owi 

2 J *7'7 4-)\, KKtKF/W^a-WaMF* 



(8) 

[0 0 3 7] *WftiSn5IWJIJ8 fc*y biS 
fcttfttf 1 2-9-^7^-;PKIt^^»**fflS&LT 
<^-5. •Srnbteifc 1 7l>—A\Zi$^T'J>l3.<th2 5 

1/ b . #5891 « C n b © JMfc0iJ I JfMK $ tlfc 

Rtfl 71/- A{C*5l/iTP (2N- l) <a<7)^^;U7. 

[0038] #9iffl#+T*£n3JM$W2. -y-T^w 

-;i/HlffliTfik'7b (LSB) fc#:/7V— ;H* 1 

2<D«±fit*-yh (MSB) ££^ft< 

^ -;U K©5<J*^-r*«, #5891«ffi«©-y77 -C — F 

■5. 1(1. 4(B, 1 0<@. 19fi. 3 3fi. 4 7®. 5 
3fi> 4 0E 2 6{g. 14fi, Qmft.lt 2 moWkftrt 
20 ^©^©.fcSftL S B-MS BCDjajf^ttKfe^L 

[0 0 3 9] #5891« 3 O©!^^-!-* ^flb 
Sff±. -r-Hl. t-H2, ^-r-*3<hPf^ »J* 
fc*fc«Stifci|g^UT«efflUT , b«t^. *E- F 1 fc* 
I^T, «^l/'*;HOi«»i 1 10R±(Dffbl/V^)l/7 
S:SU©*«ffl-y-77 ■< —)V H tC#J 0 ST* in t C «k D & 
F2K;fel'VC. MPD©FW*ttL/#t>ffi 
J: 0 fil/i-y-77 ^ — ;P Ffr b/WT. £3#@BT * £ <h t 
=kD. SiJ©*<*ffl-9"7 > 7w-;l/F?r^<DS4J-SBt 

so ^s-a-^^ticios^^n^o ^t- f 3 fc&t^T, & 
*©fc»©e»iBiKtt*ffiffl*7*7-f-;i'Foi!rj't'tt* 
7$n&. 

[0 0 4 0] t-F 1 tCSHT. <£Ul^)I/©jSN&f£ 

F»:a o st-5 ^ t fc«fc o eksstis. 

1 7W~A(C*3^T2 5 5it)#<©Ij$/^X€M 

«>. #fg9!(4 8 t'-y h+)-f 7)l/A^<S^fiJfflT#. 8 tf 
7hJ:Wfl«ftMW5. ^-7;n 
40 IC, M^©Si«l®^7ji*^^Sr*fe«)tC^fiK-r-5- £ !: 
^T^^ttn'i7j:b^^iKI^/N 0 ;U7©ft'>©^C^U 7 h 
1 2 M»«[»mc»UT. i'XfA 
tt. 1 7 V— k.\Z&^T'Pt£< th4 0 8 Om^'VlZ. 

-7)H4/N°)U7©fiJ0^T^^b, ifc. 01OtC*U 
T*Sn*J:57il 2-y-77-C-;i/Filt^)l'7^<£: 
JS«T-£ 5 y7\f A K*lr»T*-f - b < SIS L # ^ 

[«1] x-7)H 

so 8-i2t*-y \*mmi'X7 L &iz&&ti»'j>mftrv\'X®. 
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to 0 4 1] E12I1 aw>vMfcK*M-*«t»«cD 

0 - 2 6©$BHf«3ro<StiU^;KDA*tCjfc*LT, 8 b*-y 
h»»tt3t5©ai&:*Ul*ii-rJ4t)%0, 16, 32© 

[0 0 4 2] 17l/-AaD4 0 8 0©ij$/^*4 
*5^T, lTfik'7 h (LSB) ttl 6ffl©llftAW* 40 

aurttffisn&^-s-^^— ;n«*sifflL, 8, 

4, 2RIX1 SijVfJfrL^L SB§:fiJ0ST-5CtiCJ: 
0. «M«fc9- 1 2£y h»H££j*-r*. 17U- 

412KyHi (5"—7*;H#ItH) SISS-CS*. $ 

[0 0 4 3] ^E-Kl. l/#^«0. HI 3PM. ft* 
I$»JTHl = 2 0 2J:t3^tK 12U-^-JP so 



[0 0 4 4] t-Fl, U€f^fitl. 014#Bg„ ft* 
l^iliTH 1 = 2 0 2 KATT, TH2 = 155 e fcl9 : fc. 

*tr^. -y-T^-Jub* i 2tta#«fflsn^^i. +J--7" 
i 2te^ft^*8o©itJ#A';i'X£S-f 1:3 

058rl/^LSBl:»l/t«ffl3ni»4. I«9b:y 

[0 0 4 5] t-Hl, L£Wfi2 0 01 5#$L ft* 
i*i(iTH2=l 5 5tATTTH3 = l 15J;f)^ 

ir». h*i 2ii lttastttfflsnfe^. u- 

y7^-;PH 1 2 t 1 1 tt-tniR, 8«t4fiO|ltJ*^ 
;WSST 2o<Z)0rL^L S B(c*tLTffiffl£ttf#-2>. 

[0 0 4 6] *-Hl, L^^ffl3. 01 6#ffi. ft* 
H^tt(iTH3= 1 1 5J£TFTTH4 = 8 2 £D*# 

t». -y-y7w-;uh* 1 2, i lfttfi oiiji'^ffl^n 

+1-7*7^-^^12. 1 i&# 1 oa-tntt, 8 

e, 4flas^2<@©^/^;i/x^«T3t?©rrt^Ls 
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[0 0 4 7 ] t-h* 1, b#l*fli4. 0 1 7 
■*j|BTH4 = 8 2HTT»5. ■^fy^-)V\ t l 

2. li. i o&tf9tt»#4£jHaftfcn. -y-y^^- 

;PH12, 11. 1 ORtf 9tt*-n8c, 8i. 4fl, 2 
W&Zf-l&n&ft'VVT.&Wrt' 4 0©fib<r>L SBICW 

[0 0 4 8] -jRtttt*^, jfcSKiio^— h* i a. /W 

[0 0 4 9] 7U—AF fc 30ltt^/i;i/7.rofflM^^B2^« 

-r. -tits. Am<Dmzmm&rt)i>x<Dfaft\z£-3Tm 

lib. frt?. a«y?;UX»^lC43^T7lx-A^6 7l^ 

[0050] ai8iBi9B, lyu-Aowm?- 

^€rSrblVi;PX<DS2SlC-0l/iT<7)2O(DnIfie^S* 
^To ^n6©E!«. 1 7l/-AiD 3 0©iIiSftT&i!j 

{an^-r*«iM©^n^^Tt)*fe^bT^-g)„ frb 

tv^Uyua? b— Af*j©ffigc©*l;:gEB$*T.5 £ t^T 

4. 01 8«. &,WHD*i&m<0-V-?7<{—)H i <Dftt>Q 
fcSHSnfciRb^L SBS^U-y^^-^K** 
b. 01 9«. 7b-A*«Kf£1Itttt5nfc»rblr>L 
S B^O-y-7*7^- ;PF5r*f . ^fW©|!Dftft 
J&tffifflTS***, il^bit 7 b-AK&t^TlK OjJ>© 
b#lAffiA<3SS1*5£:#tt, 0 1 9 (C^T&OftfeT 
tt. 3 0HzC7'J7*tMPDt)Si^i;ft«. C 
n^OifiEftH 7l/-Art©D-7*7>f-Jl'Hl-8© 
ffi«TOI^|SI«ftlEfl:fc«t0afei;*IHIR«* (B19# 
SB) fc*!***-/*-; /a- hSlX7>y-->i- 
ggllgtciD^bS. LfcihT, El 1 8 fc^-fflfc 0 ft 
«6«01 9<D%>O«fc0t>»SbVi. 
[0 0 5 1 ] f"> h'^-f A«/1JUX*t^<^ fi g$n^t^ 

tf. f®T7 K^-f AtC-3^T©:7l/-Al*J©f!) f r^&e 

^A^x^bTiStt^nfc-y-^7 ^ k«, 

7U— Art©/WX»©*6ltfi'££i;*. C *!<=>© It 7 
7^-;i/h*(CfiJ0ST6»n^A3 l iWIC8, 4. 2X111 
O/tMitt. <f -;U K JMHRpJtBfcSJ: 0 fcl" 

^©ft©xy K^^ASr^TfcJ;^. 
[0 0 5 2] 02 011 rrbWW^J&qSBSnfcxy 
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A©«^©if7*7^-;H-*©ilHfltr^^e H8*tbT. 

g? b i vt;wx*i e. oytizm e>^tc*© 7 u— A^a^ b 
A»cH-r*7 u-Art©«38c©^tfi«tte«)sn4 c t 

5. ■7lx-A*iibTft»*$n-g>. 
io [0 0 5 3] t^<S>^©PDP->7s^Ate. lft;5^ 

-5„ #Jx.«. *iv^;i/7.i|i§©*6it/i;i/Xtt, «to/£ivi 
t«fcom*snfc}t©^<'p*»©j«»T»*i#A.6n 

•5. f©J:5&y7vfATB, 2#©l©»ff. 4#© 

i©»flnfctfte©#*b' , w©»aEK:J:0. Utt/w;* 

20 [0 0 5 4] 0U*.fc£. El 2 1 tC^-r«fc^tC lOh'yh 

»w:#5Stt 2 »© i *ttit/i;i/X 1 4 &<d i 

Sr. 1 5 5fl©tt8/WXICjg»-r*£££,fc0££-C 
1 5 5m<Dm&/Vl>7>iZ* 1 5 5. 7 5 (= 1 5 

5 + 1/2 + 1/4) m<Dm&^)i7,(Dt><y>hmziti 

bTb#^tl2©**T»<6. 0 2 2 (C^-r<t P IC, -> 
XrAAU 0 2 0ffl©*61t/i;l/XS:*kfiKoI^T*n«, 

i o try h^H7jS:*^T©«Jt/i^x (t— r;n # 

fig) *ffiffll/T4*Sn»4. 8t7h>^rAI:^ 
THTH4 = 8 2T&D. 1 0 t - 7 h>Xf ACfc^T 
so liTH4 = 3 2 8 (-T^ct)^ 3 2 8 = 22x 8 2) 

*. Lt*bT, «*H3iH»*t8 2*9>hJ:9TK:fc 
o7c£#. cnt«tD 1 2 k'-y hPgsETjiUi. 2#©1 
^4#© 1 ©*»«t«F^;UX&*^f*L S B fciUJjP 
b. -&lt©^^/t;UX*^>h^*3 3 1. 7 5 = 3 2 8 
+ 2 + 1 + 1/ 2 + 1/4 t^SZl ttCj:0IIS3n» 

[0 0 5 5] t-^C^^T, It^liOTCtT* 

40 7^-;PF^e>/t;i/7.S:, ftii©*fieffl© i ^^±©-9-y 

fr%<Dl -3)Zk±.<D/W7sifi\ ^>JW±©ffi©*^ffl©-^y 
7 -JU h* (CtiJ 0 b MPDRfcSte. MRl&S 
*«B«l»C*^Tftlr»Tlri4|IB©«IHHIft*S:«l»b«t^«t 
5itt-r*7b-At*^T»JttSn*3tb^;i'© 
3g»£ft*T5£4:»;:J: OUSTS*. i9iil0© 
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D=b. 1 21t7"7^-jUF->;*.xAtl:fcl>T<D-97 r 7'f 

[0 0 5 6] i-3JK±©&±&-9:/7^ — ;UF;&<7U— 
A\z&\,iTmmztiT^tz^£.%. i 2U-7*7-r— ;n* 

^-f £^©3 0Hz 7U 7*iMPDMl:Mt5P3 io 

O^mti. £n£©jI&»3Rfl*lC#»©^L^MPD£ 

[0 0 5 7] t-K2, LSHMO. i2 3#I, fit* 
H^fi«THl = 2 0 2 «fc ±TCD1 2fi0D-9 

[0 0 5 8] ^—1*2, L#<^ffil. 02 4#I. ft* 
lliBTHl = 2 0 2KTT, TH2=15 5J:0^; 20 

-97*7^-;^ i 2iJitffifflsn^i>. 7t*o 

■9-7*7 -r — ;H* 1t^<E>-97*7^-;UF 1 1 fc*tt*2 0 
2fi©H£#/'W;*W:, l 2e©tJ-^7^-;uh*±lc:S^ 

[0 0 5 9] t-K2, L#W12„ 02 5 «* 
iiIHTH2=l 5 5KATT. TH 3 = 1 1 5 £ 

*k, -9-7*7 ^f-;i/F i 2i 1 1 ttMifflsna^. 
£ i 5 5H©*ttit/i;i/X«, i 2fl®t77^-;PK± 30 

ICS^BSSn^. 02 5, 7U-A3, 4«*fi^Lfcff 

[0 0 6 0] -£:-F2. L€rHB3. i2 6#I. ft* 
S*«liTH3 = l 1 5J£TFT\ TH 4 = 8 2 <fc 

-9-7*7^ -;ufi 2. 1 lfttfi o«ji^fi6ffl$n 

*5tt-5 1 5 5fflCD*U#/i;UX«, 1 2<@C0-y-7'7^-;l/ 
K±fcff»ESn*. 02 6. 71/-A3, 4t£ft$L 

[0 0 6 1] ^&-F2, L£<^ffi3. 0 2 6#flB. ft* «> 
I$IIHTH3=115WTt 1 TH4=8 2 <fcD*£ 

it77^-;^'i2, nstfiom«*)Bsn 
fc^. tc*©-97*7^-;1/F i^b-y-7*7^-;uF9(c 

F±fcw«-esn<5. 026. 7U-A3, 4\*mmv 

[0 0 6 2] ; 6-K2, 1/*H14. 02 7#JH. ft* 
■*tSttTH4 = 8 2J^TT$)So -9-7*7^ -J H>* 1 
2. 11. 10Stf9ttItffiffl3nS^ tE*©-97* 
7^-;UF l^e>U-7*7 -f-^F 8 iC43ttS 8 2<@©^ so 



i 2fi©-y-7"7^-;uK±tci9#ie;*n 

5. 02 7. 7I/-A3. 4te«3gLfcS#iE£*T. 
[0 0 6 3] t-K2©^ll flSnt/tJU^^ 

dux l * ^fi^WjWtrnsrs c t o $ e> trig 
£*<t£*. -rato*. <fU$AUi/xa*i 2« 
■3-7*7 -f-;i/K±k:H»iBsnfct*. -9-7*7 w-;uf 

[0 0 6 4] #JA«, 02 4£Bg#JIU &rJ33nfc 
e— 7ifI)!i*TH 1 = 2 0 2JBTFT, TH2 = 15 5 

•fco^s^tfiurt*. -9-7*7^ -;u f i*»6 1 i^e> 

O2O2i0l^/tJVXIl 1 2{@©-9-^7^— Jl/H± 
tcH^E^ns. fI$ntM*'7 U-A 4 Kfc^T 

ssnxts*. — ;i/F ifrs 1 1* 

^ItTl 6 2 <h&-5, l&A^t, §rL^TH2 = 16 
2 #7 U— A 4 K*t LTjtSSn*. 
[0 0 6 5] HSNc. 1 2<l©-97*7^-;l/F(C*fLT 
1 6 2m<omt&VlZ.*:5-X.&7>7<t KUfct*Hi» 
**%Snfe02 5 tC^-TioiC. fl/^TH3=12 
9^. if 77 - Jl/ H 1 i^D-77 ^ - JH* 1 1 ST© 
itrnt;^ *iitt s *: t ct d Sis n*. 

[0 0 6 6] 1 2®©-9-7*7-C-;H*tr 

MLT 1 2 9fi<DiHlit/'?;i/X*^-x.-5X5-f FLfcL£ 
^iM*^snfei2 6»c^TJ:^{c, iL^TH4 

= 104*5, -9-7*7^— ia> £-9-7*7 w-;pf 1 1 

[0 0 6 7] L^^ffi^»WtCPS-rSii(DfiJ*«. 

#r b ^ l # «t 0 its ^»*s u^;i/T-XM u , ^nic 

J:0«H#/i;U7s©S^E©«^«tt)^<^0, 

[0 0 6 8] 1 0©$£ttil*tt. 171^- Al*|©^ 
7 K^'f A©S^. 1 2fiCD-9-7*7^-;i/F±lwff^E 

5"fAteSU»£n. 3KL/^U-7*7^— ;UK«r^-r*fc 
[0 0 6 9] 02 8tt, tn\Z&r>Ty F^-f AJ&tSfMS 

a n»i u ^-9 7*7 - jp f * &mt& tctt> tea d s t e 
nsswsrUJB^-rs,, rs/Aj «, -9-7*7^ -;wf© 

-fe-y F7-y7*<!:7 F V y -»^KB-r*l**WWIH** 
To L#^fgtIft#L. -9-7*7^-;WF9, 10. 11 

2±<Dmm?<nffi&'atSo mmmvtsp 9 . s p 1 0 . s p 

1 IStfSP 1 2«7CO-9-7*7^-;UF9^e 1 2 ST 
*^©|lI«"5jegB#ra (recoverable) Sr^-n-i?n*-r. 
[0 0 7 0] «7CH*«a«LSt>«2«fcDTCT#ofc 
-9-7*7 ^--ll/F 1 1 t 1 2«7C^<£ffl$nfj: 

spiuspi 2ttiHi(ttsns^t**-c*, rrt 

^•9-7*7 -r-^h-rttto-SSBl 3#B<DU-7*7-r-JUF 
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[0 0 7 1 ] ft^H^{g^t#^fI4 ctOTtC 

T#o£££«. -y-T^-^K 9, 10, 1 ltl2 
te7C*&ffl£n&l^„ SP 9, SP10, SPlliS 

[0072] 029 tm 3 ott^-n-^n. f nsit 

;u h n*fT-5 en <=>©#*«£ <=> ^ -jv vmo 

[00 73] m±mmmt5£m-tz>L$^mi"<Mz&. 
#lt, it*£n£fi^i^;u©«^ (^e-hi) £ 

MPDCDiiJM (^E— H 2) t<Dm.%--&t>-£i)mm£tLT 
ffi#3£g-f 31c Lfc#a>, _k{4©-9-7":7^ -;U H©?iJffl 

(CiD, ^frTl 4-^77 .f-^HKftO . ^n^tC*f 

[0 0 7 4] te^Sttfc*- H, U#fr>tKl. 
fittJTH 1 = 2 0 2 tATT$> 0 , TH2=1 55iD^ 

tr^. -y-^7^-;i/H i 2f4mf«isftftirs. mmt 
=e— h i xttt- h 2 o^m*>*fijffl-rs«t -5 Kfts 

[0 0 7 5] e^gn&t-K, U£l*<12. @31# 
fig. ft^H*fa«TH 2= 1 5 5JEiTTfeO, TH3 = 
1 1 5<fc!5**K, -y-^7^-;PH 12ill ttSfitflK 

(t-H2) „ 

[0 0 7 6] IS^Snfc^-H. L£Wt3o i32# 
HH. I^I*1«TH3=1 1 5£TFT*D V TH4 = 
8 2±D**H. D-^-f-^K^. UStflOtt 

Y-<D^<D 2-Dfrn)l7,ft1fi<DlZ$&\ZWM-Z.ti. frbt^L 

sBtitttfflsns (^t-Hi) . «0fijjB?J*&i* 
®ffl£ns (^6-H2) . mmtimts.-*-?? 4 

-Jl H© 1 o©**<«r Ll>L S B t LTfiJffl bI^T* 
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#SE©&fclC?iJfl!WT<&5. 

[0 0 7 7] ^Sntt-H. L€Wfi4„@3 3# 
RR. «*iSiil<i«:TH3 = 8 2KTT*2>. Iffy 4 — 

juhi2. ii, 1 0Ro'9«ii#ffiffl$n-r, cnn 

n £ <Dmm~v\ws.-y-77 4 -;u h ©*© 3 -otwixft 

hi). m<Dmm~Bimtz4)-77j-)\s 
)iz.<DWfttii&*jmt-?zrz.tb\zQim-2nz> c^e-h 

2t?©**««rU^L SB tUTf>JfflpII6-p»D, SO© 

*iJfflWtg^it7*7^-;uHti/i;ux©S^ia©;t«6icfiJ 

[0 0 7 8] ^E— f3l:*lf>T. *^ffl©Isl8&©lgilj 

3{fcit#tSi©9i;>J (Quiescent-state power) 

[0 0 7 9] B3 4tt«*B*tt#U#l>*4£HT©« 
20 ^r©|(jW^*^IUM©-0iJ^IKB^b7 v cglT»-5. 

w-;i/H9, 10, 11, 1 2iiitiffl$M^. 
nsfc, ig»ieis§«'n^©-y-7*7^-;i/F©Ktt^7-r 

*. £©*&, 7 H^->>^®SSlC#T5ttlttt<i&© 
;frtt6 8 XH'J«£ft*. 

[0080] *aswo3a**s6^ja*s-B-*fc«6cffi 

fc7F-T£ot£<2iWg.y -< )V9 ,. t7f'J ^n-77?s 
-> - > a □ v y 2 # £ * tl £ o 
30 [0 0 8 1] ^M7^M(i, 

frztt&fttzmzmm-rztkm&mm-tz. d- 
^Tif©-y-7'7^— ;uHfcf"jffl^n^^. ^7^^ 

^2 10©l^O^f,H TH 1 = 2 0 2***©7U 

-At»UTa#isn*. -en7it2 1 o«koffin&±b 
fcf-^tt2 0 2t:wsn5. ^©ft*«, 7^;w^ 

$ n^c^- ^ **■&©&«© ^ t$->7l/>y^S 
^(r$iJISLf#^, •fot«lr»U#tr»«[C^:*<«IISBSn 

[0 0 8 2] t7,fUyXny7?lt **H#fi*«7 
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^ 3 , fc 7 x U v 7 D v -y 7 - © r3 !S £ ± & £ T & © 

[0 0 8 3] 0 3 5teb#^ffi£^b7c0T& 

kXf'JyXA'>^So. l!0(iTHi = 2 0 2it) 
^©fca6TH0©ISBtc&3**ili5Sl«, T 
HOA^THl'xiin^lCit L^lifii019 9 

HiftM^TH 1 cDffiBK&3.!:#> TH1*^TH0^ 

b#<^fil©2 0 5 ckD*# 

[0 0 8 4] ->->^tBnv-y 7«[lHiJC:fettS/h£^ 

Py7? «. iS^^HuWil^^ £>m/g**:tt^L; bfc £ 

, zs- >& th d v 7 \mmm isxt w-^fl; b &a» 

H^COrt^H, 7U-A;* ; E'J'\#£&*n5l&©££ 
©HS (RGB) «08f7hr-?^ittt5^it: 

g&oT^&<Tfc, b#^ffiteifi<HWtCt$3^&7 
x- h'-f >. 7x-K7^htLT^bLT^<. 
[0 0 8 5] 03 611 #^ICck-5, ^©BffiiSiK 
£&»-r5?jt£©7n-^-hT;&3„ -^©Tjfett, 

^tf^n^ntmmm. iz j: o a £ ns&gg 

SPcD^^f^^vX^A^^^T^fT^n-g). -^©«^ 
«&7lx-ArtUii&©+h77^-;Ub*£^tS\ 71/-A 

;P7 £/W7#;fliK bfc^-y-77 ^ -)i k kepjwTS 

izmiZnmZ. ^©75i£te7^-;/7"2T#i3o 
[0 0 8 6] Xf77'2l;j3HT 1 ?Ji£tt 1 7 U-A© 

HSix-^Ktn f LT. Xf7 7*41:ltf 5 
[0 0 8 7] 7.7^7 74 l-iJ^T. 75&«^©7l/-A 



(13) 
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[0 0 8 8] Xt7 7"6 tr&i^T, ^Tj*«->7T-AtC*f 

^-K3T*n(l Xf7 7*2 2l:Mn. *>b. 
fiftS©^- HAS^E- H 3 T'fcrtftiiXJ-y 78 1 0 

[0 0 8 9] Xf7 7*8 UtXr U y^ny 7 ^ 
. {fcbfc*>©T<&D. X^ryZfl Otemmmy-l Jlf&M 

mzMLTitm^xitu^. mz. tnbH^ifitt 
n LTUtT £ <t o \z m. £ nx n -s. 

[0 0 9 0] 7^-y78^#H-r?><i:#, £>3i}-7*7^ 
-JU h**^C07 U — AiCi5^TS#^WtCHU©-y-7*7 - 

^ Htctijo st ^n^/i;w7©gcicwa-r^ u^^ffl^ 

tXfU yX/t> F£5£jTf So tXf'J -/XA*> K© 
S0tt. **©b£l^©±TT£#TS-ji©S*lIi 
#*©b^ffijefgT^D&fcSC££teit-r 
20 Sfc&T&S. ^<Db#^ffil4H6$n. -^ntctD. 
§l«©«*M{i<tb£Wifi£©P.a©ll5^\ -?-©«© 

S*B*ffi^«©«*iSsSl<I^ e»m S*ck D n« 
f£ wmt s * tjs j# s n s . * b ttj& tt^7 7"i 

2Kjttr 

[0 0 9 1 ] 7f77"105#Il, -t©#i*tt, fVrS 
©/I— fe>h©B&J:D t>/.h£t>B&£&£fc>f B&© 
K»S«6HCM^b^:B^©^flfSrftiJ(S-rs. 
•y7(i*7^lS^ffl$*'MbT ; fo, b&<T*>£t^\ 
«^<Dfci6tC. •e<Dt<DXf7 7"T(t> Xr7 7° 1 0 ^ 

30 $<Di£W:tf®%<Dm*wmmti,Tmm2nz>o tut 

' [0 0 9 2] XT77'1 2 tC*5t^T, B& 
i Jt b TS^Mft b fc^STi^WWr 
^>o :^T7 7«±ai© n v v 7 **#:^t; 

5!^Wi))f^(C*fbT«aST(5nt^o 7^^7 
1 2<D->— >^HJ»!)f^«. Xf 77"8cDt7xf U y^l 
(W7f7 7"l 0©iS»S7^;i/7cDHa^3lfT$nT 

feck^„ fcb. li«^^*f£it^kb^^ofct#« 
40 Xtv7°2 [CMS. fcb« H^^^ftfct-t^fbbfci 
flJ7.f7 7*l 4(Cit^„ 

[0 0 9 3] XT7 7'14i;fc^T, ^*ro«yvia*{i 

«, +)-77^-;whco > m&'vi<7>ftifi<DmR\zMm-f 
?>B#r B i(c43^THfl<Dit77 ^ -)v h {c#j 0 mx <bntzn 

*j#-pfc-b-77Y-;i/H^!tf^-rs= ft^iasffl^bt 

WIcfcOfc/JNSt^i^tt, 75ffi«, ^OTb^^ffl^^ir 
so 4-r^-y-7*7w' -)V h*{CfiJD STt>n7cA;l/70D|gc^^] 
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[0 0 9 4] 7X7^1 6 £*5HT, ^fettv-X^AtC 

[0 0 9 5] 7f'^l 8 KiSHT. K 1 CLfc*5 
[0 0 9 6] X^y72 OtC£>(^T> ; fc— H 2 IZLfttf 
[0 0 9 7] ^f7^2 2td43UT, ^©ft^BSRffi 

^NF^fc^^TtfKD-y-y 7 ^ -;u h \zm d <=>n 
fcAWX©»KWgbT^*. *ftte^©&7:r-;/7°2 

4lCiIt?. 

[0 0 9 8] Xt7^2 4tC43^T, K 3 Kbit** 
^iCtDifiRSASM^SfflW-r*. ^E-F3© 

[0 0 9 9] 0 3 7 fcfcfrSBW©*- K 1 C«fc •&&*©» 
<t!p a pR£ft±T57Ii£©7n-^-bT&3. ^E-h* 
itt**B*ttteX:3#/w;*##*a25gb, «*©{£ 

[0 10 0] Xf77"3 2l;*^T. Mlt b#Wt 
tft*B*ffit©M©H«k:*^^T-y-^7 >t -)V F£ 

fetc0 3 6©7.^-;/7i 0{c*5^TiS»a[7^;i/^{r<J; 

oi6!iisanTt><kt»t^53:ifca*-r^#T**. * 

HSbfcb*fr>tt£JtttU ^*»*^S^ffi<J: D fc* 
# * Mi$T 5 b fr ^ ffi * -5 1 "3 JW± ©u- 7* 7 >c - ;i/ 

■air a ft © b # v Mi & 8 o -y- 7 7 ^ - ;u h £ # £ 
-?-© b# 1MB «fc o t>»t^-r*u-7*7 -Y h*«» rr u 

LT*SliXT7 7° 3 4 Kit tf. 
[0101] 7.x^73 4tCi3^T, ?ji£ttlOJW±© 

•^UT7xy73 6 KJttt. 
[0 1 0 2 ] Xf77'3 6 dfct^T* 71/-A 

rt©mgcD&aK-y-77Y-;i'F£S2«-t£o xf7^ 
3 2t:fcnt^sn5 it3JW±<D-y-7'7w-;n-*«7 



(14) 
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5, ^©&©7I^-A©5teS©ii:mflcEB£n5o -€-b 
T7xf7^3 8(CjltJo 

[0 10 3] Xf77'3 8 (C&tAT. 8tLIV\° 
;W7^HfOit77^-;UH^^OT : ^ K^-fAJil 
I, «LH/t^tf5» F*-f AiCWilbfc7b-Al*l 

[0 10 4] g3 8(t ^sct-Kaci-s^© 

io B&iBK£|n]±i~£#fe©7D-? L -v-h-r*-S. ^6 — 
F 2fcMft*H**K»^-C/WX#tf£IElEU MPD 

[0 1 0 5 ] Xf77*5 2 fciSHT, b^ffi 
£ft*B»M£©F^©H£Uc»^T1t77^-;i/F£ 

&43> 03 6©7^-y7'4(C*3^Tft^:H*fii 

****6nfc**, *nttis*©*WcH*«££j*-r4fc 

«6(C03 6©Xf77'l 0lc:*iiTSi®S7^;i/^(r<t 
20 fc. 03 6©7^-y78«L^tMijfi^l©t7^U ->X 

-f-^FfcHjgbfcbS^tttJttfcu &*©ft*B* 
< i <t o t» * * is. m m t z> b * i mi s w r * 1 ^ &l ± © * 

77w-^F£#5rT3. 7j^«. *£^©ft7^B*ffii; 

;Uh**#«T-5. ^^©ft^B^ffl^b^^fflJcD^/h 
£t^£#, -e-©L#^ffi0;D%)«tC^-rs-y-7"7^-;P 

30 -^bT^rffi«7^-77 P 5 4 (ritOo 

[0 1 0 6] XT77"5 4(C*3t^T. 7jfe«. 7 U — A 
rt©-y-7*7^-;UFA^©xy K^-f A5r»SET«). X 

*ftttXf77"5 6tCjttoo 
[0 10 7] Xf77*5 6IC43^T. 7?S(i> W®$n 

Tf***»53i»»tw»fr*. t>b. ffb^-y-77^-^F 
b, Srb^-y-77-c-;i/F^^ni^-e*.nn 

io IJXf77'6 0 IC^fef -So 

[0 10 8] 7s5 i y7 , 6 OCfclst. ^TjStt, ±TOfiJ 

mfsmttvy? * - frwztiVT/viTs&nftm-rz). 
Rffa©i/^;u©»g$fefig-rs©(i^s^/N o ;u7 

XT77*5 8 (r*3^T±)S$tXfcirb^-y-77^-;Ph* 

*^ty^TOD-^7>f-;UHk:»bTH»E$n*. ■¥■ 

lTXf7 7'6 2(Ciltoo 

[0 10 9] Xf77'6 21C43HT, b#l^»ffi«, 
50 Wj£©b*^tt£»«WSatR£A#fcbfct>©T* 
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[0110] E3 9tt**M© ; E-l<3tC«fc*a*JC«J: 

[oiii] x x-y^s 2 (-*5^T, 7j&«. mmm<D 

-5fc#>K0 3 6©7.7^:/l 0(C*5^TI«iWg7 

^ t j: o mm £ nx t> «t u t ^ 3 e t 
©«*B*««tD'b*#AiaaiT*u*^tts*'r* i 
77*-;n*tt. **c»-r*«**«Hij«T#*»!iBis 

[0 112] 4£«frvr, 7jffi«. TstVJ 

8 2 Kfc^TftJtSftfc 1 ^etiODtt^-r — ;!/ b*©»! 

mom. s*K*rra«rt£f*j*Ts. 

[0 1 1 3] 14 (Hi, JfcfMUKJ:*, 8k'7hffl^> 

*B#tt4fttU8g 1 3 0 , 7U- A^U 1 4 0. jS»#> 
vffiiESaf«6^/i;U7. (SP) ft^fcSE^tBLUffl^ 

u (rom) 18 0. iKt^f/i^T.^stx-y-^^w— ;p 

KflgtHUBl 7 0**^*n*. HSSte. ->-> 

^tHHBSl 1 0, iSW«7^;U^ 1 2 0, ^115*3 
-yi 5 ORtffcXx'J v^leJBSl 5 2i^jn5. 

[oi 14] Jt<D\Himtm%i<D&i&&miz£OJU$yr 

a-t-y-y-i 9 o iz&^xmmtz** 'J i 9 2tifci: 
iST-ti) . » w *nfr-r a & * £&fifc¥iett / * u 
1 9 2 k^&d- H^n^tLx^^ns- -ene> 



30 



40 



-***U 1 9 4© c fc5ftfBi*«S#±IC$fi££nT ! feJ: 

[0 115] 17L^-AW5. 8Kyh*>7iiE 
$nfeli^x-^©^:T«. 7U— 1 4 0 IC# 
tT&SnS. 7U-A>t'J14 0ttMf-i'©-^ 

[0 116] «^a^ffi^ttiSs 1 3 0tt7U-A>*U 

i 4 o(cia«x-^^«^3A^naM. -tnsrSMrr 

■5. ftfcliaHftttttJgg 1 3 0l$Wmy : -$"D7U-AlZ 
OUT©«*Hilffi££ti;*jT<5. 

[0 1 17] ->->tfcffl[Hlg&l l 0(i. Bt^Sifc* 

t5 CD 7 U — A ffl © ± =f — 5> 1*1 $ © & *fr M ftM * 5 f9r >t ft J; 

«ft**«flsLfc*>5*^*rw**^j«-r5. -©lass 

teMtfi© x- Hi D-7 7 ? * fl^t L, tz t) ©T& a o 
[0 118] 1S»S7^M12 0H /M£&«£<0£ 

©^g^fMRg-rso una. 7-fM*tt4JHSi/fct 
3t*£*H£ttifttbig i 3 o zmmztZo 

[0 119] t^f'J >-7.|fiI8Sl 5 2Jiffif©7U-A© 

[0 12 0] Lt^Ifa-^1 5 <Hix->&ffi|el8& 
110. i«ilS7^ M120, «*B*{it£fiS§§ 1 3 

ostftT.f'j v-7-iugsi 5 2^e©m^^stt-g>. -> 

L£tr>«*IHJ«l 5 0 +»" 

-)v vm.%-\zttfo?z> L#^ffi£jtti-rf). £© 
^;u©»S{cMf -5iKii#/i;uxs:^j*-r a. 0 

1 0^#IL. TH2=1 5 5JJi,T-t?TH3 = 1 1 5 ck 

07c#^ft^:ia*ffi^. V77-<-)VY l lWi 2*i 
[0121] Itt^Ifn-^l 5 0ti£*©b*l»ffld« 

[S2] y—7')l2 













2 


l 


0 




0 


0 


0 




0 


0 


1 




0 


1 


0 




0 


1 


1 




1 


0 


0 
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[0 12 2] &%>-?&jERZfmftA)l'Xnn<tROM 
1 8 Ote. 7l/-A/ ; E l J14 0*^f-?£iT 1 L 
#^1x3-^1 5 OfrZ^-FUffl&mZ. ®#>V 
miERUmnn ;U7>?f^bROM 1 8 Otej£#>-7*jfIE 

[0123] *-ki m^wvwDmmm&fa±2-& 

7.ftmtR OM 18 0H 01 3^501 7 IC^T ■£ 5 
ir. 8rbt>LSB£THl, TH2, TH3. TH4I! 

m-tzvJyj-jiF 1 2. li. io, 9(c^-n^*n 

fiJ0^T-5o ^-F2K£^T, MPD©<S«©7ii$ 
(C. ROM1 8 01J8t'7hA*f-?SW>VlE 

&©i 2m<D-v-77j-)iF\znftmz-&Zo 

[0 12 4] lt^lf3-yi 5 o«, &%>-?miE 

RD^&AVI^ff^ffcROM 1 8 O^lz-A^tU 1 
4 O^ro^-^tCttLTKfE-rSiiut::, ^-F£ft5t 
t'Siitiitt^tTSS. ZL<Dfz#>, i£#>V«IE 
R^Bft/^l^ft^fcROM 1 8 0«. jiH3&8-12 

filtfWfcx-^O 2C#bT3£STn«. A?3ffi2 

3 o*«jS»^>v*iEW-3Hc*^Ttta$n*. 

[0 12 5] ->X5 l A<7)H9©-e^>V«jE(7)jgffl^pI 

-T-&roi:l«!«(c^:T^ttl7 p n-fe-yy-tr^LT 1 2 tf-y 

■C«*|-C«fcO?S5*li^:A-l«>>x7*^-r-ST*55. * 
fc, Mfi>-?ffiiERZfm&/VlZ.ftm\:ROM$:. 04 
OOi^P-yi'T^ti^l:. $#>-e*iIEROM 1 
8 2 £3&&A";U7xftMtfl:ROM 1 8 4 t\ZttMT*% -5. 

uWi, jS*^>vMiEROMl 8 2^5 
W/1M^ftROM 184^12 t*>y Fffl7j£& 

loroROMtr^^TM^SHS 
[0126] jKH#/i;^»*sat-y-^7^-^Fi|gffl-iHi 

»17 0tt, l/tlsff3-^ 1 5 O^e^E-FfWPS: 
1 7 0(S. »#>VffiIE&tf*f£#A;i/XftMfrt;ROMl 

mm/WTstmfi'tzmwvvxtt-jy j -)v vmz 

$if&T£z>fr\z±z < ft??-r^„ 
[0127] ant/i;px^^&ot-y-^7^-^F^n-iEi 

SSI 7 0 t^>^*S!ER^*(IJt^^X^^bROMl 



(16) 

8 011 WftLTflsttU Ktfif/^^^SXM'r*. 
ctitt, &b^#&«©&S©fc©K:ffb^A-;i,A£ 

[0 12 8] «#8iJ«©fc#IC^-F3£)ifflT-5>* 
£\ bf^fif^-yi 5 0 ttftAHiitffi^liiSg 1 3 0 

oT^S^^-^F^D^Aftt^©"??. 
ttSHBSllO, S»«7^;^12 0RtfWfU->7 
@»15 2 ttt- F 3 ©»f^lCtt^F5-C»*. 

[0 12 9] Ot'-y hRGBA^^ffl 

-r^vX^AtCii^TJiffloIigTfe^o 1 0 fc*-y FA* 
$Cte 7'P 7 x >y -> a t^fy?;i/ k' 5^ "7 * — V >y F 
T?WfflT**. i07tD^IfelOt'7H7t 
D^-xv^UaWN'-^Srfflt^T 1 0 tf>y Fi^&nj 

[0 13 0] 1 0 tfy Fi®*#TS^t«, 

l & a >v finoM # mm \z >b s ^{g 

1 0 tf>y FPgP73^©jM^>v^^lS, U^UP4 5 (8 
k*>y F) $tH18 0 (10t'-yM *T©8&tflO 
k*-y FA^tC^tU &mmzmVl\ La>L&*<<=>, Z. 

ft-stctm, 1* o t ± o * < oi«©» «*» i o t y h 

30 Mfrb^X-totlZ). 

[0 13 1] B4 1I1 1 0b'7h^>7iiESnfct' 

fitt«8 hfy F@Bfc:»bTflfti6L££T© ; E-t*j&*l 
Of'vhA^^fflLTlfflSn^. A-FSxTKfc 
i o k*y FvXxAic*ff-521^> 

•*mjEikzm&/v)/xnmkwtfrthL*fm* : tv (ro 

M) 2 8 0A«. 2 0©M&37Fb?; (A*x-$0 t* 

«y h s ner s fc* ic 4 mmn-vu ttn « & e> ^ ^ ^ «t 

T*4. «¥{b©fc«)lC, «AiH»ffi^llSt§2 3 Ott, 

[0 13 2] 1 2«©U-^7-r-;H«C**L. l^Sfe 
fJ20©fiL-t^L SB©pgH£iiflQb dn^© 
«?L^^#>vHiE^nfct*y httl 0 tf-y FjH(CiD 

#A^n^2o©jij!ni©LSBA^gi^tii3n-5. 8t* 
>7n-jiij»6©i 2t»>» na**64fjisn5. ^©2 

CWjiSDWfctWLSBti. HiTKE©3iJljP©il#©i¥^S: 
so [0133] WJfi©»Wtt*5BWS¥»cW^Lfc©*-C 
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T. *3SIUtt. *#©»*©«H©ieHrtJC*S, ^© 

[0®©f8S*fr!&9J] 

tan «®PDPoM©^«a 

[02] 7l/-AP#P B 1t^W^{C^*n-5-y-^7^- 

(sf) ££^brclSiS0<, 

[0 4] 8 hPgS^T^AlCttT 3, 8it^7^ 

-;n*±^©«»«fclM*AW* (sp) assign i, 

[0 5] 8 hPMIS/XxAKWr*, 12^7 
[06] 8 tfy hKW->XT-AK:*rr*. /W>i<Hg 

0. 

[0 7] ^>V*|jEH*, a^>7R»Stf«»aiA 

[08] ft*Wt'x:*<S^-^»0fr<E>4 0#£> 

[09] *5BWKJ:*, L*^ltt»r3ft:8lfy h» 

w->*7-AK:*frs. 8 

£tB9lbfc0. 

[010] *5BWKJ:*. l/*lr>|(&tt?fc8 t'7 h 
[011] *^BJ(CJ:^, L*^t*fto&8lf';h 
[012] #$BI!I3K<}:S, ie^>-7ttIE(C*fLTA^ 
[013] *^B^(CJ;-5, /i;U7.«r-9-^7^— 

«o ax. i 2-y-y7^-;uH±(c^jf/t;i/X^»E-r 

5J$H5£iftBJJLfc0. 

[014] #fgw;:,fc*. ;h*k 

[015] ^^bjicJ:^, Wl^SD-y^-r-^FK 

[016] #36iHK:.fc*. n;i,7.€r-y-77^-;n--{c 
most, i 2-y-77^-;uh*±tciKi}#/t;u7>^^E-r 

[017] *^w»r«fcs, /wx*-!*-:/:^— ;n*ic 

[018] *«MtC«fc-6. ItO*ttfflit^7>f-;P 



(17) 

J!* 

H©«tootc«fui»*Tfitry b (lsb) s^r-r-s-y- 

[019] *5SHI::«fcS, 7U-A3teSSKE«£ftfc 
«l/V»iTtilfy h (LSB) *WT*U-7*7^-JI/K 

[02 0] ^^BJJlci?,. »L^AW*J&<«*$nfc 

0. 

[02 1] ***fc«t4, jBScwiHi*^;^*:-^*, 
[02 2] *»iHCJ:*, SB»eDH»^;^***, 

1 2 ocD-y-77 * h \z*tVTftmzntzm&rt)ix 
[02 3] *5swt«fc«, 1 2«w-y-7 , 7^-;uK± 

[02 4] #SSH£J:*. l 2j@«-t)-7*-7^-;l/H : ± 

[02 5] ^sswkj:*, 1 2fflo-y-^7^-;n-*± 

[02 6] ^tii. 12IC91t7*7^-^H± 

[02 7] #569! C«k*. 1 2IffllJ-7'7^-;l/h'± 

[02 8] *58WfcJ:*. K^-f A*««»Sn, 

S^^8iBJLfe0. 
[02 9] ^SSgilKJ:*. 13flOt^7-f-^K* 

<& tz® <omww7> <o»m £ nfcssHE * 0„ 

so [03 0] **9iKJ:«, UflO^-fHl'H* 

$«&*fc»©jtfif/^;w^©a*snfcn»E**rH. 

[03 1] #f6W::J:*, /t;ux*-y-7*7w— ;n*^ 
fiJDST^AcferoSWi, ij|/t;M^12I©D-77 

[03 2] **WfC«t*, /VW&U-^7-f-;i/K^ 
«DST3fca6»&ifi£, mWVW&lzmWf? 
4 -)l K'NH»ET*a*R©»*^t>-e-SIJlWbfcH. 

[03 3] *55WtC«t<5, ^;^*-3-7*7^-;WH^ 
fJOST-SfcfeWSWi:, JKHt/WT.* 1 2<H©^^7 
40 *-;UF^W^T*^®»*atott*IMiL&H. 

[03 4] *56WK«kS. MW***fi«OSfB©- 

[03 5] *56gHfc:J:.5, W^kXf'Jv'^A 

[03 6] *a>Dcj:«. a^oaaaiteaurrs 

7ji£cD7D-^^— h. 

[03 7] *3MUl;:«fc*. 3t*<7){£fl?lg!g£&#-f& 
7jStD7a-^^— h. 

[03 8] **^CJ:a. «BI«(K*&«Sfi«-r-5^ 
so S©7P-f t _ ho 



4$ §3 2001-222254 (P2001-222254A) 




[02] 



[03] 



SFl l^sra S3 i_ ^4 SF5 t SF6 SF7 ( 

§ j NNNNNN N N 

W Y4a ^— 1 2 4 8 t6 E_ ^ 54 



SFB 



128 





#^2001 -222254 (P20Q1-222254A) 



[05] 



(19) 





[H8] 



[02 1] 



5- 
4- 
3- 
2- 
1- 



ttLSBs 



3*5 



1 ^ -fc, 



14 



53 



"S 5 Jo 40 



T 



I5BSPSC2 5 6SP^x?^^iaft6TH2) 



2001-222254 (P200 1 -22 2 2 54A) 



(20) 



[0 9] 




TW=15 TH3=31 TH2=63 1H1=127 THO=2R 



[0 10] 




3 4 5 6 7 8 

TH4=S2 

TU3=115 



1H1=202 



[011] 



1 y v — a 




32 



32 



32 



8 9 10 11 12 
1HM27 1H2=!91 1H0-255 
THJ=159 TH1=223 



[013] 



(202) 



1 



64 



96 



ISO 



224 



304 



415 



640 



752 



846 



2 



160 



224 



304 



416 



528 



640 



752 



SFISF2SF3SF4SF5$F6?7SF8SF9Sn0SF11SF12V*_ 

em — - 



Y 

4080 



1 2^^^-^Hii«rt-a«*«>3P^«r (u$v>eo) 



ttH 2001 -222254 (P2O01 -222254A) 



(21) 
[012] 




[014] 



155 < 



160 



224 



304 



416 



1202 



(155) Pf 2 ) 



640 



g 



7l"-A 2 



160 



224 



304 



416 



528 



640 



752 



3 



SF1 SF2 SF3 SF4 SF5 56 SF7 SF8 SF9 SRO Til SF12|V^ 

*m 



3240 am- 



[015] 



115 < **H5R« 1155 



1 

L3v^ttt2 



(115) (155) 



160 



224 



5M 



416 



528 



640 



SnSF2SnST4SF5SFSSF7SFBSraSnOSm S12|V 



7\ — A 2 



160 



224 



304 



416 



Y 

2492 



640 



S 



[016] 



82 < ft*»3HB 1115 



7U-A1 



64 



160 



224 



504 



(82) (115) 



416 



Wtoffiffifc 16 



2 



160 



224 



304 



416 



528 



SnSF2SRSF4ff5SF6SF7SF8SF9SnOSni SF12[V*_ 



v — 

1B54£-tf 



^2001-222254 (P2001-222254A) 



(22) 



[017] 



7 1 



(tt) 



16 



32 



M 



9$ 



160 



304 



416 



i 

s 



2 



96 



160 



224 



30+ 



SF1 SF2 SF3 SF4 SF5 SB SF7 SF8 SF9 SF10 SF11 Sfl2 V. 



1327 Wh- 



[018] 



255 0W) 82 (TH4) 255 (1H0> 




*» 50- 



0 



[0 19] 



•7 W-A^5S-05LSB!f A6JK>, ?W-A<&*fc»0£far7T0> 

1-77 4^ *Ym*/7 h N 



255 (WO) 82(1H4) 255 (THO) 
* » j » * , * 




[02 0] 




7U-A1 



#§§2001-222254 (P2001-222254A) 



(23) 



[02 2] 



[03 1 ] 



1 ^ V-A . 



JffLSBs 



24 | 40 | 5 5 76 104 =331.75 
328 SPs (1 0 2 0SP^^^Atij3ltSTH4) 



1S» 
SPs 9*3 



b*H&2 



32 



£43 8 



9r 

LSB 



48 



32 



BO 



48 



112 



72 



152 



208 



128 



264 



160 



360 



378 



424 



192 



224 



=2040 *th (THC) 



264 



=1244 



[02 3] 



[03 7] 



7 A 1 tn 

.Kin 



THO «33,T 
19i 



J4 



9<J 



THO ~BrT 



47? 



THO K »r 

Ur 



iff 



255 



„5J 



.4* 



10i= 



ffl 



ft 



12 4] 



J 



C 

*tit«»^y ^-A'y| 



-34 



r 3 



S-EK 




SF 12 



[03 2] 



[03 3] 



206 



B0 



16 



48 



92 



2M 



360 



11B 



146 







17B 


2H 



=2040 ^gf (THO) 



LSHB4 



112 



1^9 208 



264 



360 



32 



30 



64 



108 



376 



424 



134 



»2040^«- (THO) 



=663 ^» 



^^2001-222254 (P2001-222254A) 



(24) 



[M2 5] 



[S3 8] 



-1H3=115 
r ^TH2=155 

-1H0=255 



THO -Upf 



53 



iffl 



THO 7j ^rP 



. i&r 



»«WX7^ K 6 2) 




1 2 * 6 8 1013161923 

15 5) I sp H0 



2 4 6 8 !DU»»23r 
SrTH3=129 



[02 6] 



TH4=82 
THWI5 
TH2-155 
1H1=202 
IH0=255 



6r 



ffl 



1H3 " 1 ' 



THO «2r 



iff 




7U-A4 

TH3 -Bi 



rl 7>- *5 ^rT" 1 



^«^7>f K teM 2 9) 



2 3 4 6 8 1B1316W22BJ1 2 3 4 6 8 » 13 16 19 ZZBj 
l l S) SrlHMW 



THO «3Ji- 



Jlllllteiliiilii. 



[02 7] 



TH4=82 
TH3=^5 
TH2=155 
lHt=2flB 
1H0=255 



, 7 53 

THO 2^rT 



6rP 



THO a 33 
J4ri 



I0r 



ffl 




7V-A3 UV 



^*ro^?-f K teBf-i 0 4) 



siiiiHiiiKiiiiiiiiiiii 



2 3 4 5 6 7 9 U151822|1 2 3 4 5 6 7 9126tt22| 



..till Jrffl 



52 








r 62 









[03 9] 



•a 












( 





1# M 2001 -222254 (P2001 -222254A) 



(25) 



[02 8] 



US VMS 0 











n 


1 1 











n sf9 v sno v r sni) ^sra) 



- 5 . 



M 



5P1! = 
3*12 - 



SF 1 lfc*5tt5jtettJS 

s f i 2u:jsrt*3tettffi 
sp^feo@«wr«Bsia 



a- 8: 

K ft 



HM I — 1 1 — I 



^ 

fcs X ft. 

4> K j* 



SP9-12 : 



SPH 4 SP12 * S/A 

1 8*774^ KiUNI 



9j S ©5 
^-?-?4— A'VO- 1 2 

K*Jtt**fcJflspa>fe 

SP9 + SP1Q + SPI1 4 SR2 a (2fc/A 
14 ^y^^-^Fj&S^IIB 



[B2 9] 



[03 0] 



53 -SS #fffr 



53 =255 










6 


10 


12 


14 


16 


18 


20 




2 1 


4 


6 


















|SF2 


5F3 


SF4 


?5 


SF6 


57 


SFB 


SF9 


sno 


srn 


SF12 



22 22 



SF13 



J_ 
SI 













19 










14 










to 










6 










4 










2 












SF2 


sn 


ST4 


SF5 


SF6 


37 




8 2^ 

















7 


7 


R 


9 


9 


10 








4 


5 




6 


6 














3 


























r^n sf2 


SF3 


SF4 


SF5 


SFB 


SF7 


SFB 


SF9 


SF10 


sni 


SF12 


sra 







4 0jfettffl, 8ro«ffl^74-A-K^b8W»*Lfc 
1 4^^7 * -/u K^ft»* 



13 4] 



a 1 



I SF2 



t SF3 



SF4 



SF7 



SFB 



I 




* K 

*- Sfe 
1 SFB 



i\ 



SI! 



I 



I 



ft §3 2001-222254 (P2001 -222254A) 



(26) 



[0 3 5] 



-TH3- 



-TH1- 



1H4- 



-1H2- 



-TH0- 



I" 

79 



tIS | 
112 118 



| 155 | 
152 15B 



202 | 



255 



199 205 



[03 6] 




1 r'° 





r 18 






















r 



24 



4SB82001-222254 (P2001-222254A) 



(27) 



IM4 0] 



Ifi 



-no 



120 



140 



7 V- — A 



-130 



150 




^J=-152 



180 



r 



170 



r 1 




y-1 UV-Ni sp»*fc 



182-' 



192 /-190 



I 



o 



-194 



14 1] 



A* 



K 



-280 



V" 1 RX* 
sp»ntRoy 



At* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

. BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ image cut off at top, bottom or sides 
bTfaded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

Klines or marks on original document 

□ reference^) or exhibit(s) submitted are poor quality 

□ OTHER: - . " .. . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



